i 
4 
4 


7 7 VOLUME NUMBER 3 WHOLE 536 


; 
{ 
be i 
MARCH 1961 


School Science and Mathematics 


A Journal for All Science and Mathematics Teachers 


All matter for publication, including books for review, should be addressed to the editor. 
Payments and all matter relating to subscriptions, change of address, etc. should be sent to 
the business manager. 

Second-class postage paid at Menasha, Wisconsin and at additional mailing offices. Published 
Monthly except July, August and September at Curtis Reed Plaza, Menasha, Wis. PRICI 
Six dollars a year; foreign countries $6.50; current single copies 75 cents 
Contents of previous issues may be found in the Educational Index to Periodicals 
Copyright 1961, by the Central Association of Science and Mathematics Teachers, Inx 


Printed in the United States of America 


GEORGE G. MALLINSON JACQUELINE MALLINSON LUTHER SHETLER 
Editor Assistant Editor Business Manager 
Western Michigan University Kalamazoo, Mich P.O. Box 108, Bluffton, Ohio 
Kalamazoo, Mich 
Editorial Offices: 535 Kendall Avenue, Kalamazoo, Mich 


DEPARTMENTAL EDITORS 


Cuemistry—Gerald Osborn Irvin Brune 
Western Michigan University, Kalamazoo, Mich Towa State College 
Cedar Falls lowa 
ELEMENTARY Scrence—l! 
Universt i Chi Lab hool Cecil B. Read 
Aine 7 University of Wichita, Wichita, Kan. 
GENERAL SCIEN an MATHEMATICS ProBLems—Margaret F. Willerding 
245 Blue Hills Dr., Nashke San Diego State College, San Diego, Calif. 
MATHEMATICS—Al Hach Puysics—J. Bryce Lockwood 
inn Arbor Publi: 0 Highland Park Junior College 
inn Arbor, Mich Highland Park, Mich 


Turtox C-R Charts 


The Turtox Series of Class 


Room Charts is the largest and 
most comprehensive in publica 
tion—offering a selection of 
more than 360 biological sub 
jects. 

Write for a copy of the new 
Three-Way Checklist of 360 
plus Charts and biological draw 


ings. 


+} 


GENERAL BIOLOGICAL SUPPLY HOUSE 


+. I ted 
ncorporate 
TW pop 8200 SOUTH HOYNE AVENUE 


CHICAGO 20, ILLINOIS 
© The Sign of the Turtox Pledges Absolute Satisfaction 


Please Mention School Science and Mathematics when answering Advertisements 


[ 
4 


TOMORROW'S 
TEXTS — 
HERE 
TODAY 


CHEMISTRY IN ACTION, 4th Edition 
RAWLINS, STRUBLE, AND GATEWOOD 


Here is a text widely recognized in earlier editions as complete and 
thorough, yet flexible enough to meet varying class requirements. Now, 
with several chapters completely revised, and with up-to-date references 
and film list, the complete program—text, Teacher's Handbook, 
Laboratory Manual, Tests. 


BIOLOGY, 1960 Edition 
KROEBER, WOLFF, WEAVER 


The revised edition of an eminently successful text, with a new section 

on space and radiation; up-to-date material on photosynthesis, chromosome 
chemistry, and cytoplasm; and more photographs—over 75 in full color. 
Supplementary material includes Workbook and Laboratory Manual with Key, 
Teacher's Manual, tests with Key. 


D.C. HEATH AND COMPANY 


Please Mention School Science and Mathematics when ing Ad 


| 
vertise 
ments 


New in science 
for 


PHYSICS 
PROBLEMS 


by CastKA and LEFLER 


A compact “work-text” which... 


® supplies intensive training in ® treats algebra as an experience 


MODERN 


ALGEBRA 


whith... 


techniques of solving physics in discovery 


problems 


basic physical calculations 


383 Madison Avenue 
New York 17 


e provides material for drill in 


examinations and college work 


Please Mention School Science and Mathematics when answering Advertisements 


bra 


© prepares students for advanced e stimulates student initiative in 


problem solving 


HOLT, RINEHART AND WINSTON, INC. 


536 Mission Street 
San Francisco 


ELEMENTARY 


by NICHOLS and COLLINS 


A truly contemporary textbook 


e introduces sets early to unify 


and clarify the subject of alge- 


= on or 1961 ee 
f 
== 


CONTENTS FOR MARCH, 1961 


How to Win An Argument (The General Problem of Definition) —Kenneth 


New Wine in Old Bottles—Cecil B. Read 


Comparison of Two Rating Scales Used to Obtain Student Reactions to 
Chemistry Teachers—Roy C. Bryan and Karl DuBois 


Elements of a Good Program in Arithmetic—Edward Sage 
The Gentle Art of Problem Solving—Sister M. Stephanie Sloyan 


Reactions of Scientists and Science Teachers to Statements Bearing on 
Certain Aspects of Science and Science Teaching—Frances L. Behnke. . 


Horizons of Knowledge of the Cell—Wayne E. Magee 

BY-LAWS Central Association of Science and Mathematics Teachers. ... 
Report of the Sixtieth Convention 

Problem Department—Margaret F. Willerding 

Books and Teaching Aids Received 


School Science and Mathematics 


—a journal devoted to the improvement of teaching of the 
sciences and mathematics at all grade levels. 


—nine issues per year, reaching readers during each of the 
usual school months, September through May. 


—owned by The Central Association of Science and Mathe- 
matics Teachers, Inc., edited and managed by teachers. 


SUBSCRIPTIONS—$6.00 per year, nine issues, school year or calendar year. 
Foreign $6.50. No numbers published for July, August, September. 


BACK NUMBERS—available for purchase, more recent issues 75¢ per copy prepaid 
with order. Write for prices on complete annual volumes or sets. Consult annual 
index in December issues, or Educational Index to Periodicals, for listings of 
articles. 


The following are among the interesting topics discussed in issues of 1960. 


Teaching Unit in Modular Arithmetic—Bacteria Aboard Rocket Ships—Nature of 
Centrifugal Force—Hazard of Farm Chemicals—Dating Method by Heating Rocks— 
Dramatizing Mathematics—Earth and Space Science in the K-12 Science Program— 
Magnetism Influences Plants, Animals—Pi from the Great Pyramid to Eniac— 
Physics for the First Grade—Rudiments of Probability Theory—Reducing Stron- 
tium-90—Teaching Rate and Ratio in the Middle Grades—TB as Cancer Treatment 


USEFUL REPRINTS—(orders for reprints must be prepaid) 


Atomic Energy: A Science Assembly Lecture, Illustrated 
Mock Trial of B versus A—A play for the Mathematics Club 
100 Topics in Mathematics—for Programs or Recreation 
How Much? A Mathematics Playlet 

Mathematics Problems From Atomic Science 

The Mathematics of Gambling 

Computations With Approximate Numbers 

The Radical Dream—A Mathematical Play for Puppets 

How Water Serves Man. A teaching unit 

Won by a Nose. A Chemistry play 

Suggestions for Study of Nuclear Energy in Secondary Schools 
Radioactive Isotopes: A Science Assembly Lecture, illustrated 
The King of Plants. A play for science clubs 

Three Families of Great Scientists: dramatized 

Some Lessons About Bees. A 32-page booklet; illustrated 

The Triumph of Science. A play for auditorium programs 

In Quest of Truth. A play in two parts 

A Student’s Approach to Mechanics 

Apparatus for Demonstrating the Fundamentals of Radio 
Youth Opens the Door to Cancer Control, bibliographies 

A Scientific Assembly Prgram, Wonders of Science 

Elementary School Science Library 

Projection Demonstrations in General Science 

Atomic Energy—A Play in Three Scenes 

Using the Oscilloscope in the Trigonometry Classroom 
Geometry of Atomic Models 


SCHOOL SCIENCE AND MATHEMATICS 
Price $6.00—Foreign $6.50 


P.O. Box 108 Bluffton, Ohio 


Please Mention School Science and Mathematics when answering Advertisements 


| 
| 
| 
| 
| | 
| | 
.25 
4 .30 
25 | 
30 | 
25 | 
35 
.20 
.20 
25 | 
25 
25 
25 
30 | 
.20 
20 | 
25 
30 
.20 | 
-20 
.20 
30 
| 
1 | | 
| 


NO OTHER Electrostatic Generator 
Provides ANY 
Of these Features 


@ Universal Motor Drive, designed 
for operation on 110-volt A.C., 
or 110-volt D.C. 


Electronic Safety Valve, to 
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@ Removable Discharge Ball, which 
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Booklet, 
OF TIME, SPACE, AND THE LOCATOR 
© Free descriptive literature 


in north latitude whether the sun is north 
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for teaching Science in grades 5 to 9. 


Includes all apparatus, supplies and a teacher’s manual for a COMPLETE ELE- 
MENTARY SCIENCE PROGRAM. The manual provides for performing 139 
procedures covering 30 basic experiments in Elementary Science. 
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The Welch Scientific Company 
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How to Win An Argument 
(The General Problem of Definition) 


Kenneth E. Lake 


Bradley University, Peoria, Illinois 


We are, of course, not very much interested in arguments between 
persons who really do not want to find out if they are wrong. We are 
interested in arguments where the participants want to find out who 
has the strongest argument—even if it means giving up some cher- 
ished idea. We hope that the participants in our argument will try to 
beat their own best points, and aid their opponents in making the best 
possible statement of the opponents’ case. 

Arguments are carried on with guns, knives, fists, examples, experi- 
ments and words, among other things. I think we can agree that guns, 
knives and fists do not represent tools in the kind of argument in 
which we are interested, but rather they represent the failure of argu- 
ment. ‘‘Might makes right” is usually discredited—at least verbally. 
But while we are being honest let us admit that appeals to force are 
very common. Such appeals are hardly less deadly to right when they 
take the form of economic or social sanctions. However, for the time 
being, we shall leave examples and consider words. 

A common challenge in argument is “Define your terms.” This 
challenge usually has the effect of completely bogging down the argu- 
ment and resulting in a win by default for the challenger, though it 
leaves everyone with a bad taste. Why is this so? Why is it so hard to 
define one’s terms? We shall investigate this problem by asking an odd 
question: Is it possible to define a word in terms of other words? 
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It is fairly obvious, when we think about it, that words do not carry 
their own definitions. A person has to be told that ‘‘Der Hund”’ means 
“the dog” and that “bellt” means “barks” before he will understand 
that “Der Hund bellt” means “the dog barks,” (providing we know 
what this last means). We heard somewhere a story about Adam and 
Eve at the time they were naming the animals. Adam would bring 
each animal forward and Eve would name it. Adam brought up one 
animal and Eve named it “bear.’’ He brought up another which she 
named “elephant.” Eve did the naming with such speed and assur- 
ance that it began to get on Adam’s nerves. He brought up the next 
animal and when it had been named “pig” he asked her why she had 
named this particular one “pig,” why not the last one. “‘Well,”’ Eve 
replied, “this animal looks more like a pig than anything we’ve seen so 
far.” 

Suppose you are in a discussion and you receive the challenge “‘De- 
fine your terms.” You are serious so you start in bravely. But is your 
opponent satisfied with your definition? Of course not, he’s out to win. 
He points out that you have used new words in your definition that he 
doesn’t understand. Each of these new words must be defined or else 
you just haven’t done your job. This seems to be a reasonable request, 
but watch out, do not use a critical word that you have used before. If 
you do your opponent will pounce on you with the charge “vicious 
circle!” 

The author once looked up the word “reddle” in a small dictionary. 
“To reddle’”’ meant “to raddle’”’ and “to raddle” meant “‘to ruddle.” 
Finally under the last entry we found that “to ruddle” was “to color 
with red ochre.’”’ The last was a help. If it had said ‘‘to reddle” we 
would have been lost. We would have had a vicious circle. Try this 
sometime with any dictionary: pick a word, any word, write down one 
or two words (exclusive of prepositions, articles or conjunctions) from 
the definition. Then look up those words and add one or two words 
from their definitions to your list. See how quickly you run into one of 
the words you have already listed—a vicious circle. You are certain to 
do so if your dictionary tries to define every word it uses! And what if 
it uses some words that it doesn’t define? 

We can make this situation a little clearer perhaps by stating and 
proving a theorem. No word can be defined in terms of words alone. We 
have agreed that no word should be used to define itself and that 
every word in the definition must be defined. 

Proof: Consider any word w which is to be defined. (The symbol w 
is not the word we are considering but a variable which could be re- 
placed by any word. For example, in place of w we might write ‘‘dog,”’ 
“triangle,” “democracy,” or “beauty.”) In defining w we shall have 
to use at least one new word w;. We might write w=d,(w,), where 
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d,(w,) is a definition of w which uses the new word w,. Now, according 
to our assumptions, we must define w,. When we define w, we must 
use at least one new word w, which is different from w and w,. We 
could symbolize this by writing w; = d,(w,). In defining w, we must use 
at least one new word w; which is different from w, w, and w:. Obvi- 
ously we could continue this process for a “long time.” We would as a 
result get a long list of statements looking something like this: 


w=d,(w,) 
= we) 
We = d3(ws) 


d,(w) 


Wa-1 


The first set of dots says ‘“Keep up what you are doing until you get 
to the definition of w,_,.”” However, the second set of dots say ““Keep 
on doing what you have been doing forever.”” Notice how neatly the 
symbols express a fairly complicated idea: the idea of definitions going 
on and on, always in terms of words that have not been used before. 

Now we are ready to get down to cases. The list either ends or it 
does not end. If it ends, it ends at a particular entry w,_;. But this 
word is defined in terms of w, which, since the list ends, will be left 
undefined. Therefore, according to our agreement that every word in 
a definition must be defined, we have no definition. We are stopped 
along this line of thought, so we shall take the other path. Suppose the 
list has no end! Our list of words would be infinite! We would have an 
infinite number of words, all different. But is this possible? If our lan- 
guage contained an infinite number of words we could not have an 
unabridged dictionary, but we do have an unabridged dictionary, 
therefore the number of words in our language is finite, limited, a defi- 
nite number. We believe that with a little reflection you will agree 
that it is not possible at any conceivable point in history for mankind 
to possess a language containing an infinite number of words. Thus, we 
are stopped again and this time there are no more alternatives to be 
considered. We must conclude that, as we have described them, defi- 
nitions in words alone are impossible. Our proof is complete. 

This result seems quite interesting to us. Perhaps we will want to 
think about it for a while. Possibly this example will begin to show us 
that mathematics has something to say about things other than the 
merely quantitative. 


of 


162 School Science and Mathematics 


If we are mean enough, or want to win an argument badly enough, 
we can use this theorem to our advantage. Rule Number One for win- 
ning an argument: insist upon definitions in terms of words. No matter 
who your opponent may be you have him caught if he agrees to your 
conditions. Now watch! Don’t let him be circular. Don’t let him use 
things other than words (or similar symbols) in his definitions. We do 
not recommend this method if you wish to retain your opponent as a 
friend or if your opponent is the type to abandon verbal argument for 
more primitive methods. 

Let us review what we have done. We started with some agree- 
ments about definitions. Let’s call these agreements assumptions. We 
considered in a logical manner the possibility of defining a word in 
terms of words alone. We considered the two possible alternatives and 
found that each was impossible. Consequently our conclusion was 
that under the agreed upon assumptions definitions in terms of words 
alone are impossible. 

We should note well the crucial point: we were able to get the con- 
clusions we did because of and only because of the particular assumptions 
which we made previous to our proof. What if we were not restricted to 
words alone? What if we were to allow circular definitions? Or, what if 
we did not insist that every word in a definition be defined? Look back 
at the proof of our theorem. Would it still be a proof? It appears that 
any one of these changes would force us, if we lacked further informa- 
tion, to conclude that definitions were possible. Each of these alterna- 
tives results in a different type of solution to the problem of definition, 
and we find each solution used. 

A scientist would be quite unhappy if all of his definitions were in 
terms of words alone. Words are not his subject matter. He hopes that 
the words he uses are at least partially about the stuff out there that 
we look at, eat, and bump our shins against called reality. Thus the 
scientist will insist on operational definitions which he hopes are more 
than word games. If the scientist talks about a line he is not so inter- 
ested in defining it in words as in knowing how he can know he has one 
and how it is to be measured. 

Circular definitions are usually frowned upon, especially when used 
by someone else. It’s probably a good idea to frown on them, but we 
ought to be fair and frown on our own circular definitions. For exam- 
ple, we might say that a line is the shortest distance between two 
points, then we might say that a point is the intersection of two lines. 
Since “‘bovine”’ means “‘cowlike,” it is circular to say that a cow is a 
bovine animal. For a multitude of examples of this sort take any dic- 
tionary and follow up a word as was suggested above. As in the case of 
lines and points, if a word is abstract it may be difficult to know when 
one is being circular in dealing with it. 


New Wine in Old Bottles* 


Cecil B. Read 
University of Wichita, Wichita, Kansas 


Last spring I was honored by being asked to be one of the principal 
speakers at a conference of mathematics teachers held at Normal, 
Illinois. I received the usual complimentary remarks at the meeting, 
but of much more interest to me, I have had correspondence with 
more than a score of teachers who were present at that meeting. Since 
much of what I said then is applicable to the topic assigned to me 
here, and since it is probably true that no speaker ever gives a talk 
without wishing afterwards that he had the privilege of revising what 
he said, I have chosen to take this method of approach—adding, 
revising, and omitting. I used for my topic at that meeting—New 
Wine in Old Bottles, and I think it still not inappropriate. 

Within the last few years, perhaps ten or a dozen, we have had 
many suggestions for overhauling our mathematics curriculum. Some 
of the suggestions have come from young men—some from those who 
are perhaps not young in years, but feel young in their viewpoint. 
Perhaps their attitude might well be expressed by a quotation from 
the prophet Isaiah: 

Isaiah 43: 18-19 Remember not the former things nor consider the things of 
old. Behold, I am doing a new thing, now it springs forth, do you not per- 
ceive it? 
I think there is relatively little disagreement with the premise that 
the continual development of mathematics calls for new objectives, 
new curricula, new texts, new methods of teaching, and new methods 
of teacher training. This has sometimes been called “modernizing” 
mathematics. But when we call for new things, we need the Biblical 


warning. 
Luke 5: 36 No one tears a piece from a new garment and puts it upon an old 
garment. . . . If he does he will tear the new and the piece from the new will 


not match the old. 


Matthew 9: 17 Neither do men put new wine into old bottles; else the bottles 
break and the wine runneth out. 


I would be the first to admit that there are several topics which are 
no doubt out of date. I would be also the first to claim that it is doubt- 
ful if you could get a dozen teachers to agree on what topics are out- 
moded and which are absolutely essential, but, using my title, ““New 
Wine in Old Bottles,” we must be very careful that we do not merely 

* Presented to the Mathematics Section, Annual CASMT Convention, Detroit, Michigan, November 24-26, 


1960, under the program title: “Challenges and Guides to the Individual Teacher Raised by the Various Study 
Group Projects.” 
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introduce some new topics such as: numbers versus numerals, sets, 
mathematical logic, Boolean algebra, non-Euclidean geometry, topol- 
ogy. It will not do to merely put these new wines in our old bottle of a 
mathematical curriculum. The important thing, if we are to have a 
truly modern mathematics, is to revise the way in which we approach 
the material which we teach. To me it makes relatively little differ- 
ence just what topics are included, although I agree there should be 
some uniformity and I would be willing to eliminate certain topics; 
but, again, it is the method of approach. 

New does not merely mean a rearrangement of topics in the text; it 
does not mean a text printed in color, neither does it mean simply 
adding several enticing topics to an already overloaded curriculum. 
We must strive for a proper balance. On the one hand we must not 
throw out the old merely because it is old; neither must we try to 
teach advanced concepts to substandard students. A book may bear a 
1960 copyright but still be in the spirit of 1860. 

Before we completely tear up our curriculum let us recall that we 
must not fall into the trap of assuming that merely because something 
is one hundred, or two hundred, or three hundred years old, it is with- 
out value and useless. I am not particularly musically inclined but my 
friends who are assure me that the attempt to use a phonograph of the 
vintage of 1920 is completely out-of-date as compared with the 
modern Hi-Fi and stereophonic sound. I do not think I would in any 
way disagree with this statement. However, this does not imply that 
because the multiplication table is more than five hundred years old it 
should be discarded. Recently, I reviewed a paper submitted for pub- 
lication in SCHOOL SCIENCE AND MATHEMATICS, containing the state- 
ment “It is no longer necessary to teach fundamental operations, 
since calculating machines are now available.” We have developed 
new geometries since the time of Euclid; this does not mean that 
Euclidean geometry is incorrect or useless. 

Sometimes the classroom teacher feels confused. “‘Just what is this 
modern mathematics?” is a question often asked. Probably no single 
person can give a definition with which any other individual would 
agree completely. Nevertheless, there are certain general concepts 
upon which there is rather universal agreement. One method by which 
an understanding can be obtained is to read material put out by vari- 
ous groups such as the School Mathematics Study Group, or the 
Illinois Group, or the Maryland experiment, or the Mathematics 
Commission of the College Entrance Examination Board. Another 
method is to consider reviews of recent textbooks in the field. Fre- 
quently the reviewer points out in what manner the textbook tends 
towards the modern approach and in what manner it is classified as 
traditional. Unfortunately, in many cases the term “traditional”’ 
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seems to be one of utter condemnation. We must realize that some- 
thing is not wrong merely because it is old or traditional. Some tradi- 
tional material still has great value. European countries, to say noth- 
ing of the Soviet Union, seem to be turning out competent mathema- 
ticians under what some would term an old fashioned, conservative, 
and outdated curriculum. 

What should be included in a modern mathematics course? I can 
find many answers: the base of our number system; the distinction 
between numbers and numerals; sets; mathematical logic; probabil- 
ity; statistics; Boolean algebra; vector analysis; matrix theory; 
topology; non-Euclidean geometry; calculus; you can extend the list. 
But merely because you are teaching something about number sys- 
tems based on 2 or 5 or 12; or about sets; or about the geometry of 
Lobachevsky does not mean that you are teaching a modern course. I 
repeat—let’s not put new wine in old bottles. It is not making mathe- 
matics modern to merely include calculus, or sets, or matrix theory, or 
the history of mathematics, or any other topic. Johnny in the ele- 
mentary grades may not think of new wine in old bottles when he 
complains that today the teacher says 3 and 1 are 4 while yesterday it 
was 2 and 2. Yet, if the teaching is purely mechanical, he has a point, 
and a logical one. 

You can also find differences of opinion. The Commission on Math- 
ematics of the College Entrance Examination Board at first suggested 
calculus; now they are less certain of its proper place in the secondary 
school. There have been unfortunate experiences where a young 
teacher just out of graduate school tried to introduce mathematical 
logic to his high school sophomores, at the same level of rigor as a 
third year graduate class. 

What is needed is a new appreciation; a new approach. Just because 
someone has called a topic “‘modern’”’ does not imply it must be good. 
One danger in pushing subjects like algebra into the 5th or 6th grade 
or calculus into the secondary school is the possibility that the pres- 
sure of time may result in superficial coverage. The student meeting 
the concept again in high school or college may feel this is “old stuff” 
and hence fail to grasp that a more rigorous approach is now being 
used. He sometimes fails the later course. 

We wish to teach more mathematics more creatively, to teach the 
true nature of mathematical thought; we must supply motivation and 
purpose; in other words, creative teaching—not merely addition of 
topics te an already overburdened curriculum; and not merely surgi- 
cal removal of certain topics which some so called authority desig- 
nates as obsolete (while his colleague, of equal authority, denotes 
them as essential). 

Much that is old is of great value; it may be we need to attack it 
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from a new point of view. I am one who agrees wholeheartedly that 
we need to emphasize interrelationships among various topics in 
mathematics. Some call it unification, some fusion, some integration. 
But cutting up an arithmetic, a geometry, an algebra, and a trigo- 
nometry text book and reassembling them in some other order does 
not make a unified course. Again, I agree that the concept of sets 
provides a fine opportunity for integration. I radically disagree that 
that forms the only such opportunity. 

The fundamental operations have changed in definition over the 
history of mathematics. At one time the operations included notation 
and numeration as well as duplation and mediation. It would almost 
seem that at this period in history some people have the idea that the 
use of sets is one of the fundamental operations of mathematics. 

I have been impressed with the fact that some quarter of a century 
or more ago everybody thought that the unifying concept in elemen- 
tary mathematics was that of function. Yet, I recall that in my 
graduate work Dean Eisenhart, of Princeton University, spent more 
than three weeks going over the difficulties which mathematicians 
have had in trying to formalize and understand the concept of a func- 
tion. Now I am suddenly amzaed to discover that this, by the modern 
use of sets, can be made crystal clear to the high school freshman. 
Frankly, I doubt it. Possibly all of the great mathematicians who had 
difficulty in understanding some of these concepts were reaily not 
great. 

Older texts defined a function as either single valued or multiple 
valued. A newer definition introduces the concept of relation for what 
was previously spoken of as a multiple valued function. Even though 
the newer definition may be preferred by the teacher, and I would 
agree, many students are going to encounter classic references which 
use the term function to mean either a single valued or a multiple 
valued function. It is hardly fair to the student to withhold this infor- 
mation from him. 

One major change in viewpoint which I believe has great merit is 
the changing attitude towards rigor. I believe sincerely that we must 
use a rigorous approach but with the qualification that it must be not 
beyond the capacity of the student to appreciate such rigor. It is now 
fairly generally recognized that it might be better to approach Euclid- 
ean geometry with a different set of postulates, for example the postu- 
late of betweenness; and to postulate congruencies in the case of 
triangles, rather than give a proof which is really not logically rigor- 
ous. But, I have encountered many experienced high school teachers 
who fail to see where there is anything lacking in the traditional 
Euclidean postulates. Certainly many of you have encountered high 
school students who see no reason for postulating that which seems 


: 


New Wine in Old Bottles 167 


obvious. By all means, let us emphasize rigor, but let us not attempt 
to emphasize rigor beyond the level which can be understood by the 
student. There is a pedagogical problem here perhaps as important as 
a mathematical problem. Too often the student introduced to geome- 
try or to some of the concepts of the number system feels that we are 
trying to prove what any fool knew already was true. So, in introduc- 
ing such topics I plead for great care in making sure that the student 
realizes that there is an inherent difficulty. To state it another way, it 
is rather foolish to show the student how to remove a logical difficulty 
when he sees no difficulty whatsoever. Geometry as it can be taught in 
the high school is frequently not pure logic but instead only plausible 
reasoning. 

We must as teachers continually be aware of the fact that genuine 
understanding of mathematics requires training; it is not something 
that the student inherits. The student must learn to read and under- 
stand. Sometimes we make the mistake of assuming that the student 
in plane geometry is well grounded in deductive logic, and may make 
an equally serious mistake by creating the impression that arithmetic 
or algebra has no connection with logical organization. 

I am always hopeful but rarely do my hopes meet with what I 
might call success. Each year, in introducing some material in the 
field of the theory of equations—whether in the latter stages of an 
advanced algebra course or in a formal course of theory of equations— 
I am always hopeful, I say, that I will not find students greatly sur- 
prised to discover that there could be a theorem in algebra. But, 
invariably, I am met with the statement, “But I thought theorems 
belonged only in geometry.” Perhaps in the last few years the situa- 
tion has improved somewhat, but still there are those students who 
believe that theorems belong only in the field of geometry. 

Since we have mentioned geometry more than once, let us consider 
it in a little more detail. Over a period of years I have claimed that the 
subject matter of Plane Geometry is not particularly suited for a 
year’s work at the secondary school level. Certainly Euclid was not 
writing for students of high school maturity. I have felt for a quarter 
of a century that we could simplify much material by introducing 
some elementary coordinate geometry. Not only would this be a uni- 
fying concept between algebra and geometry but it would in many 
cases greatly simplify the student’s understanding of the nature of an 
algebraic approach to a geometric problem. In my opinion, in no way 
would the student be lacking in his mathematical education. For 
years I have made this statement and I have seemed to be a voice 
howling in the wilderness. Now we are beginning to move in this 
direction. For more than 25 years there has been a body of material 
which suggests that we might well combine plane and solid geometry 
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in one course. In the early thirties I served on the College Entrance 
Examination Board, grading in the field of geometry. We had at that 
time a couple of examinations in unified courses; for example, the 1930 _ 
examination had Mathematics CD, plane and solid geometry, major 
requirement (13 units). There was likewise Mathematics cd, plane 
and solid geometry, minor requirement (1 unit). These series were 
given at least through the period 1921-30. Nevertheless, they never 
seemed to become very popular. Perhaps we are returning to this 
situation, not from a lack of popularity but because of a new idea as to 
what is modern. 

A couple of summers ago a graduate student working under my 
supervision attempted to find out what should be the content of a one 
year course in plane and solid geometry. I thought I would be able to 
guide him in his reading. We found numerous references which sug- 
gested that much could be eliminated and often this was called ‘‘dead- 
wood.’’ However, an article that actually specifies either what could 
be eliminated from our present courses or what should be included in a 
combined course was extremely rare. It is only recently that such an 
article appeared in the November, 1959, number of The Mathematics 
Teacher. Perhaps we are too prone to state what should be done rather 
than specifying some of the details of how the condensation might be 
made. 

There is probably no better subject than mathematics to help the 
student learn verbal precision. But it must be realized that the ability 
to clearly express certain concepts tends to develop gradually. There 
has, in the last few years, been a great tendency to express all defini- 
tions in the form of singling out certain sets or types of sets. This has 
been, in most cases, eminently satisfactory. However, I think one 
needs to realize that the important concept we are talking about here 
is that of preciseness and there is no reason why definitions must be 
phrased in terms of sets. If we are careful to avoid ambiguities and if 
we are likewise careful to point out alternative definitions when they 
do exist, we will have accompiished a great deal in improving the 
efficiency of definition and hence improving the ability to communi- 
cate accurately. 

If we turn to the subjects of arithmetic and of algebra we find criti- 
cism of much that has been taught as useless formal manipulation. It 
would be hard to find complete agreement as to what is useless manip- 
ulation. However, we must be careful that we do not present arithme- 
tic or algebra or any other phase of mathematics as an assortment of 
devices often unfortunately called by the teacher an assortment of 
tricks, without any real appreciation of what mathematics is con- 
cerned with. 

We hear far too often that mathematics is a series of techniques. 
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Some would delete this completely. I feel some of the drill is essential, 
but it must not replace an understanding of the reasons underlying 
the procedure. With proper understanding, I believe the amount of 
time required in routine drill will be radically diminished. At one 
level, this may apply to factoring, at another level, to the multiplica- 
tion table, at another to the methods of integration. I find students of 
engineering mathematics reluctant to spend time on integration. Why 
waste time, they ask, when integral tables are available. Yet occasion- 
ally, I find a self-taught so-called engineer calling for help because an 
integral is not listed in any available table. Yet, a very simple under- 
standing of the reasons underlying some work in trigonometric identi- 
ties would have eliminated the difficulty in short order. 

No doubt you have encountered the situation where you have tried 
to interest the students in fractional and negative exponents, or it 
may be that you have found students are not particularly thrilled 
with identities. Now it is all very well to make use of a fact which you 
are well aware of—that when a student reaches a certain stage in the 
calculus facility in handling fractional and negative exponents, or 
facility with transformation of trigonometric expressions into other 
forms is almost imperative if he is to succeed in integrating certain 
expressions. But, if this is the sole reason for introducing such a sub- 
ject, some students will take the point of view that with such a boring 
introduction they are not at all interested in going on to further work. 
It is not wasted time to arouse interest. If we can solve interesting 
problems while we are introducing some technique we may actually 
save time. Moreover, if the student can find some understanding of 
the purposes and methods of mathematics and how the technique he 
is now studying can be used, then he is much more likely to really 
learn what he is taught than to merely go through a routine tech- 
nique. Far too often the teacher is guilty of making a statement such 
as ‘‘Now the trick in solving this problem is...” No wonder the 
student thinks mathematics is a collection of tricks. I feel that it is not 
adequate to tell the student “You do not understand now why you 
need this material, but wait until you get into a later course and you 
will then wish you had studied the material.” 

If you agree with me this means that we must impress the student 
with the fact that each topic we introduce has some connection with a 
genuine problem. Many of you have no doubt seen examination ques- 
tions which say “‘solve this problem by a specified method.” I should 
like to introduce the idea that these are not good examination ques- 
tions. Fundamentally we are interested in the student’s ability to 
carry out the solution of a problem. I should like to give two quota- 
tions from Chrystal’s famous two volume algebra, first published in 
1886: “The main problem which arises in connection with every 
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system of equations of condition is to find a set or sets of values of the 
variables which shall render every equation of the system an identity, 
literal or numerical.’ But stop a moment! I thought the concept of 
sets was something modern! Here we find it in a book written seventy 
years ago. Let us continue: Chrystal further states, ‘‘No matter how 
elaborate or ingenious the process by which the solution has been 
obtained, if it does not satisfy the equation it is no solution; and on 
the other hand, no matter how simply obtained, provided it does 
stand this test, it is a solution. In fact, as good a way of solving equa- 
tions as any other is to guess a solution and test its accuracy by sub- 
stitution.” This may seem horrifying to the teacher who in algebra, 
for example, has insisted on a test—solve the quadratic equation 
below by the method of completing the square, or perhaps—solve the 
equation by use of the quadratic formula. I hold that if the problem 
cannot be so phrased as to require the use of a particular method then 
it is indeed doubtful that the problem has any business being on the 
test. It does not take a great deal of ingenuity to so phrase a problem 
that the student must utilize a specific method. I will grant that 
Chrystal’s solution by guessing may be of little use in solving another 
similar problem; but, if the student is clever enough and has enough 
understanding of mathematics to use this method, then let us criticize 
the teacher for the phrasing of the problem and not mark down the 
student for his understanding of mathematics. I might point out in 
this connection that one of my objections to certain forms of multiple 
choice tests in mathematics is that it is often easier to test all the 
answers given than it is to solve the problem. This may require some 
careful phrasing of test questions and, in my opinion, it is occasionally 
a good idea to include the choice “none of the preceding answers” and 
have this choice the correct answer. The student working with a mul- 
tiple choice test and not getting one of the answers often is intelligent 
enough to know that he has made a mistake. 

A point of view has been expressed, and it indeed has considerable 
merit, that conventional textbooks are in error in placing so much 
stress on detailed step by step rules for manipulation and simplifica- 
tion. Those holding this point of view contend that such rules should 
be invented by students since they are merly shortcuts in applying 
basic principles. The other side of the picture is perhaps well pre- 
sented by M. H. A. Newman in his presidential address to the British 
Mathematical Association in 1959 in which he pointed out that it may 
be that if the students think hard enough and long enough and are 
clever enough they can discover all the rules; but, since the deriving of 
shortcuts from basic principles covers some of the finest achievements 
of the greatest mathematicians, Professor Newman does not feel that 
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the interval is a period of suspense during which the work remains 
meaningless. He points out that someone who knows very simple facts 
of electric currents and their behavior in wires knows something about 
electricity even though he may not know how to deduce these laws of 
behavior from Maxwell’s general equations of electro-magnetism. 
Professor Newman then points out that a student may learn some- 
thing about using logarithms and have a coherent body of facts about 
them and will have learned some mathematics even before he finds 
out (which Professor Newman says he will do with even more pleas- 
ure) that it all depends on the laws of exponents. 

I am not sure that I wish to go all the way with Professor New- 
man’s point of view; namely, that the systematic development of the 
deductions from a set of abstract laws and the study of the uses that 
can be made of them is possibly the most important branch of mathe- 
matics, even so humble a set as the laws governing the use of log- 
arithms given as rules without reasons. On the other hand, I am not 
sure that I want to go along with the point of view that no one is 
really ready to hear about numbers until they are thoroughly familiar 
with the entire concept of topological groups. In other words, it is 
somewhat a matter of degree as to how far you are prepared to push 
your principles. All of you, as well as your students, have been per- 
haps perturbed by the fact that so many books state that “‘it can be 
proved,” or “‘the proof of this is left for a later stage of development,” 
or, “in a more advanced course, it will be proved.” After a while the 
student begins to wonder if he ever reaches the stage where this state- 
ment will not be made. The pursuit of a final explanation will never 
perhaps succeed. It is perhaps better to recognize that each layer has 
its own intrinsic value, greater or less. I know of no better way to put 
it than was expressed by Professor Newman in the presidential address 
I referred to—that, ‘as we ascend the skyscraper of modern mathe- 
matics, in which there are no elevators, the pleasure and enlighten- 
ment to be obtained is all the greater if we are thoroughly at home on 
one floor before starting to climb to the next.” 

It is the rare textbook, either in mathematics or in the teaching of 
mathematics, that spends a great deal of effort on the historical 
development of the subject. I have tried for years to point out to my 
mathematics classes that the difficulties encountered by the individ- 
ual in his understanding of mathematics often parallel those which 
were encountered by the race as the subject developed. If the student 
finds the concept of long division difficult to master, he may gain some 
comfort from the fact that this subject also took the race several 
hundred years to thoroughly assimilate. 

You may ask what I would do, and what I would not do. Your own 
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examples are as good as mine. Let me suggest as examples of the old 
which should be discarded: Pi equals twenty-two sevenths or 3.1416; 
the cost of a parcel post package drawn as a straight line graph. As 
examples of what might be done: Why things are done in mathema- 
tics, not merely how; how mathematics holds together in an inter- 
related logical structure; or the possibility of a trignometry textbook 
without solution of triangles by means of logarithms. 

Finally, as an example of how not to introduce sets into a course: 

A trigonometry teacher defines the universal set as consisting of 
four elements, namely the four quadrants of the plane. The set s is 
defined as those quadrants in which the sine is positive; that is, the 
set s is {I,IT}. The teacher now says, ‘“‘We will define the comple- 
mentary set as §, which is those quadrants in which the sine is not 
positive. Now, in like manner, if we define the universal set as con- 
sisting of four elements (the quadrants I, IT, III, IV), the set ¢ will 
be those quadrants in which the tangent is positive; namely, | 
III}. The set ? will then be those quadrants in which the tangent is 
not positive. The teacher now proceeds to say—‘‘If we now wish to 
know in what quadrant an angle terminates if a sine is positive and 
its tangent is negative in terms of set notation, we seek the union 
(or is it the intersection?—I’m never quite sure which is which— 
well, I don’t know that it matters) of these two sets. The union of 
these sets s and ¢ is the set {I}, hence the angle terminates in the 
first quadrant.” 

At this point one of the students says—‘‘What if the sine of the 
angle is neither positive nor negative, but zero?’’ The teacher 
replies, “This is the null or zero set; that is, there are no values 
here.”’ This seems to confuse the students a little and another stu- 
dent asks, ‘‘What about the case where the tangent is infinite?’’ The 
teacher replies, ‘‘Well, this is another case where the tangent does 
not exist so this is the null set. In other words, if the angle termi- 
nates on a dividing line between quadrants, this forms the null set.” 
You may not believe it but this presentation was not done by a 

student or cadet teacher but by a high school teacher acting as a 
supervising or critic teacher handling students enrolled in a teacher 
training institution—not in the state of Kansas, I may remark. I had 
been invited to listen to this presentation by a high school principal, 
who proudly pointed out that here was a teacher who was introducing 
the concept of sets into trigonometry and hence had a modern ap- 
proach. Possibly I am prejudiced, but I have the feeling that this 
teacher confused the students much more than would have been the 
case with a traditional treatment—at any rate it is hard to imagine 
how they could have been worse confused. The mere introduction of 
the word set or sets does not make modern mathematics. 
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The College Entrance Examination Board’s commission on mathe- 
matics states that a sound teacher-education program can be devel- 
oped around a major of 24 semester hours beyond the calculus. Cer- 
tainly this seems adequate for a sound preparation providing this is 
done in the modern spirit. I hope it will not be misunderstood that I 
am against such a major. However, coming from what the Colorado 
teacher calls the east, and you in Michigan call the west, and we in 
Kansas call the Middle West, I find that in my state and surrounding 
states it is not at all unusual to have a major consist of 10 to 12 hours 
of mathematics beyond the calculus. I would like to sound a note of 
warning. We must be careful that we do not make the requirements 
for the major so very severe, as contrasted with other teaching fields, 
that students become discouraged before they even enter upon a 
career or preparation for a career of teaching mathematics. In other 
words, we must be careful that we do not set our sights so high that no 
one will wish to become a mathematics teacher or the number will be 
so few that we will have an even greater shortage of mathematics 
teachers. I believe it would be better to have some teachers who have 
some of the ideas of modern mathematics but may not perhaps meet 
this ideal qualification than to have students completely discouraged 
by the long pull ahead of them before they can enter a teaching career, 
especially when this may not be the case in other fields which offer 
equally lucrative employment. 

Last fall I was privileged to hear Dr. John R. Mayer speak to a 
group of mathematics teachers in Kansas. Dr. Mayer made a point 
which some of you may have heard him make elsewhere but it was so 
impressive to me that I think it bears repetition. He pointed out that 
an educated person prides himself on a knowledge of music, literature, 
art, and similar topics. If he does not have competence in these sub- 
jects he attempts to conceal this fact and is, in fact, rather ashamed. 
On the other hand, it seems to be a matter of social pride to brag 
about one’s lack of competence in mathematics; for example, the 
inability to balance a check book, or the inability to make out an 
income tax form, or even the inability to keep a bridge score. Think 
this over for awhile and ask yourself whether we can expect to proceed 
to greater heights in the field of mathematics if this is the socially 
acceptable thing. I have no solution but it bears considerable thought. 

Just a word of warning: If you are attempting to keep up in the 
field, you will find many groups making intensive study, and offering 
suggestion for change—which, to me, seems sometimes to be consid- 
ered as synonymous with improvement. But with various groups, 
such as the Illinois Study Group, the Maryland experiment, the 
School Mathematics Study Group, the Commission of the College 
Entrance Examination Board, one can not help but note that al- 
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though there is rather close agreement on general philosophy, there 
are differences of opinion as to details. This is normal, it is to be 
expected with any new proposal. Do not let it disturb you; probably 
even the proponents of any plan would not claim perfection. I would 
stress the challenge: to improve understanding of mathematics. As for 
a guide: Select what seems feasible for your class, or for your school. 
Do not be afraid to experiment; but do not make changes merely to be 
different, and do not discard the old merely because it is old. 

Perhaps the true spirit of what we are trying to accomplish is ex- 
pressed if we try to answer questions such as were raised by the poet 
Alexander Pope: ‘Ah, Why, Ye Gods, should two and two make 
four?” Let us enjoy new wine, but be careful to put it in new bottles. 


DRUG FROM MUSHROOMS ACTIVE AGAINST CANCER 


A new antitumor agent, calvacin, has been found active against 14 variouS 
types of cancer and is now being prepared for clinical trial, probably withing six 
months. 

Calvacin, extracted from the fruiting bodies, or sporophores, of the giant 
puffball mushroom, Calvatia gigantea, is a “nondiffusible, basic mucoprotein.”’ 
This type of drug is not now available for treating malignant tumors. 

The first clue to the tumor-stopping ability of calvacin was discovered several 
years ago by a Michigan State University team. 

Since that time, MSU workers have screened hundreds of C. gigantea strains to 
find those that produce the most calvacin in the shortest time. 

Scientists at Armour and Company, Chicago, isolated the calvacin from the 
sporophores and developed the fermentation process. 

A third group at Sloan-Kettering Institute for Cancer Research, New York, 
tested the drug against 24 types of mouse, rat and hamster tumors. In 10 types 
of tumors, the drug prevented growth beyond a size one-fourth to three-fourths 
that of the controls. In four types of tumors, calvacin stopped the growth at 
one-fourth the size of the controls, In one type of cancer, the drug was toxic to 
the animal. 

Calvacin was scheduled to be on clinical trial by now, but difficulties in the 
fermentation process indicate that the drug will have to be extracted from the 
fruiting bodies instead. If all goes well, calvacin will go on clinical trial in New 
York by mid-1961. 

The research was reported here in Science (Dec. 23), official journal of the 
American Association for the Advancement of Science, by Drs. J. F. Roland, 
Z. F. Chmielewicz, B. A. Weiner, A. M. Gross, O. P. Boening, J. V. Luck, all of 
Armour and Company, and Dr. T. J. Bardos, formerly with Armour, now at the 
University of Buffalo, N. Y., also Drs. H. Christine Reilly, K. Sugiura and Dr. 
Stock of Sloan-Kettering; and Dr. Lucas, R. U. Byerrum and J. A. Stevens, all 
of MSU in East Lansing, Mich. 


Comparison of Two Rating Scales Used to Obtain 
Student Reactions to Chemistry Teachers 


Roy C. Bryan and Karl DuBois 


Western Michigan University, Kalamazoo, Michigan 


High school science teachers are required to take many courses in 
professional education before being licensed to teach. The purpose of 
most of these courses is to prepare teachers to work effectively with 
adolescents. After entering the classroom, a science teacher should try 
to get reliable information on the effects he is having on students. One 
of the best sources of this information is the students. They know 
whether they are interested or bored, are working or loafing, are con- 
fused or working with clear purpose, and are enjoying or hating the 
course. They know these and many other things an‘ they can give 
reliable reports on their opinions and feelings by means of a well- 
constructed questionnaire. 

Students, like school administrators, when answering 2 scaled 
questionnaire, tend to judge most teachers as “‘good”’ or “exczllent.” 
This fact raises the question—What advantages, if any, would result 
if a five-point scale (The Very Best, Very Good, Good, Average, Be- 
low Average) were substituted for a four-point scale (Excellent, 
Good, Average, Below Average)? This question was made the subject 
of an investigation in which one hundred chemistry teachers partici- 
pated. 

PROCEDURES USED 


The questionnaire and the procedures used to obtain and sum- 
marize student reactions are here briefly described. 

a. Two forms of the same questionnaire were used. One form differs 
from the other in only one respect, namely, each of the questions is 
accompanied by a five-point rather than a four-point scale. 

The first of ten questions, making use of the four-point scale, is as 
follows: What is your opinion concerning the knowledge this teacher 
has of the subject taught? (Has a thorough knowledge and under- 
standing of his field?) Excellent, Good, Average, Below Average. 

The ten scaled questions in the questionnaire follow. What is your 
opinion concerning: 

. The knowledge this teacher has of the subject? 

. The ability of this teacher to explain clearly? 

. This teacher’s fairness in dealing with students? 

. The ability of this teacher to maintain good discipline? 

. The sympathetic understanding shown by this teacher? 

. The amount you are learning in this class? 

. The ability of this teacher to get things done in an efficient and business- 
like manner? 
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8. The ability this teacher has to make classes lively and interesting? 

9. The value this subject has for you? 

10. The general (all-round) teaching ability of this teacher? 

Each question is accompanied by a sub-question in parentheses 
which helps to clarify, as illustrated above. The same four-point scale 
accompanies each question. 

Also, the questionnaire contains two un-scaled questions which call 
on students to name one or two things they especially like about the 
class or teacher, and one or two things they dislike. No further refer- 
ence will be made to these questions because they have no bearing on 
this investigation. 

The second form of this questionnaire differs from that described in 
only one respect. Each of the ten scaled questions is accompanied by a 
five-point (The Very Best, Very Good, Good, Average, Below 
Average) rather than the four-point scale. 

b. Of 240 high school chemistry teachers who were invited to par- 
ticipate in this study, 100 accepted the invitation. These 100 “‘volun- 
teers’ represent a degree of selection. It is reasonable to think that a 
greater percentage of the more confident teachers than the insecure 
make up the group under discussion. The assumption is supported by 
the fact that the median averages of student reactions to these 100 
volunteers are higher than this investigator obtained by means of the 
same questionnaire when all teachers in unselected schools have used 
the instrument. 

c. On an announced date, half of the 100 participating teachers 
obtained the reactions of their students from one chemistry class by 
means of the four-point scale. The other half used the five-point scale 
to obtain student reactions from one class. Ten days later the scales 
were switched and the procedure was repeated. Thus each teacher was 
rated twice by the same class. The enrollment of these classes ranged 
from 14 to 32 students with a median of 26. 

d. These 100 chemistry teachers were instructed as follows: “‘Dur- 
ing the fifteen minutes required by students to answer the question- 
naire, exchange classes with one of your colleagues. In accord with 
this procedure, someone other than yourself should be in charge of 
your class while the questionnaire is being answered. As soon as the 
students have answered the questions, the person in charge of the 
class should collect and seal the questionnaires in a self-addressed 
envelope provided for that purpose. The envelope should then be 
placed in the mail.”’ 

e. The average of student responses on each of the ten scaled ques- 
tions was obtained for each class. For example, the “point” average 
for a hypothetical class is obtained as follows: 


4 


Student Reaction to Chemistry Teachers 177 


Number of 
Students 

Excellent 10 

Good 

Average 

Below Average 


Four-point scale Weight Product 


10 
6 
15 
8 


39 


39 + 20=a point average of 2.0. As shown in Table I, when a ‘“‘Point 
average”’ of 2.0 is arbitrarily converted into an average on the scale of 
100, it becomes 90. 

The same procedure was used to obtain reaction averages by means 
of the five-point scale, as here illustrated. 


Five-point scale row Weight Product 


The Very Best 1 2 
Very Good 2 18 
Good 3 18 
Average 4 12 
Below Average 


50 


50+20=a point average of 2.5. As shown in Table I, this point 
average becomes 85 when translated into an average on the scale of 
100. 


ANALYSIS OF DATA 


Table I shows the distribution of the average of the reactions (ob- 
tained by means of two scales) to these 100 chemistry teachers. The 
averages falling at percentiles 10, 50, and 90, obtained by use of the 
four-point scale, are indicated by solid lines. The corresponding aver- 
ages obtained by means of a five-point scale are indicated by the 
broken lines. 

It should be noted that the averages obtained by means of the five- 
point scale (broken lines) are lower than the averages obtained from 
the four-point scale (solid lines). For example, on question ten the 
median average (50th percentile) is 91 when the four-point scale is 
used. The corresponding average for the five-point scale is 85. 

The reactions averages obtained by means of the two scales are 
equally reliable. This conclusion is substantiated by the reliability 
coefficients obtained by means of the customary chance-half method. 
Excluding questions six and nine, the average Reliability Index for 
the questions in the four-point scale is .93. The corresponding figure 
for the five-point scale is exactly the same—.93. In both scales the 
Reliability Index for each question except six and nine is 90 or above. 


x 1 = 
x 2 = 
x 3 = 
x 4 = 
20 |_| 
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TABLE I 


AVERAGE RATINGS OF 100 CHEMISTRY TEACHERS OBTAINED BY MEANS OF A 
Four-Pornt SCALE CoMPARED (PERCENTILEsS 10, 50, AND 90) TO THOSE 
OBTAINED BY MEANS OF A FIvE-Pornt SCALE 


Scale ‘ 3 Questions 
steps 


5 6 


Excellent 
or 
The Very Best 


Good 
or 
Very Good 


Average 
or 


Good 


wis 


Below Average 


Average 


14.7 


« 


14 
Below Average | 4. 


15.0 


This table should be interpreted as follows: On question one (knowl- 
edge of subject) the average that falls at the 90th percentile when the 
four-point scale (solid graph line) was used to obtain student reactions 
to 100 teachers is 99. The corresponding average obtained by means 
of the five-point scale (broken graph line) is 95. 

The “scale steps” are the choices available to students when an- 
swering each question, When using the four-point scale, the students 
could choose one of these four steps: Excellent, Good, Average, Below 
Average. When using the five-point scale, they could choose one of 
these five steps: The Very Best, Very Good, Good, Average, Below 
Average. 

The “Point Averages” and the ‘Scale Averages” are defined on 
preceding pages. 
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TABLe II 


COMPARISON OF STUDENT REACTION AVERAGES OBTAINED BY MEANS OF A 
Four-Pornt SCALE AND A FivE-Pornt SCALE BY 100 CHEMISTRY TEACHERS 
ON QUESTION TEN (GENERAL TEACHING ABILITY) 


Scale Scale Number of Teachers 
Steps Average 


5 10 


| 
Excellent 95-100 Liiiil 
The Very Best 


Good 90-94 
Very Good 


Average 
Good 


Below Avera 
Average 


elow Averaged 


This table should be interpreted as follows: The barred, horizontal 
column at the top of the table means that 23 out of 100 teachers re- 
ceived on question ten, by means of the four-point scale, averages 
between 95 and 100. When the students in one class of each of these 
same 100 chemistry teachers answered question ten using the five- 
point scale, only six teachers (solid, horizontal column) obtained an 
average between 95 and 100. 


Comparison of the relative merits of the two scales is facilitated by 
concentration on only one of the ten questions, as illustrated in Table 
II. Here is presented the distribution of the student-reaction averages 
on question ten (general teaching ability). 

The data in Table II show that the top steps in the five-point scale 
are used less frequently than are the top steps in the four-point scale. 


Td 15 20 25 30 35 40 
| oom | | 

65-69 
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When students used the five-point scale, only six teachers out of the 
100 received an average in the top classification (95-100). In contrast, 
when the four-point scale was used, 23 teachers received an average in 
this classification. 

If the two top classifications (90-94 and 95-100) are considered 
together, it will be noted that the students, when using the four-point 
scale, say that 63 (23+ 40) of these 100 teachers are ‘‘good”’ or better. 
When using the five-point scale, they say that 29 (6+23) of these 
teachers are ‘‘very good”’ or better. 

The difference in the results produced by the two scales is revealed 
also in the range over which the averages are distributed. The five- 
point scale range is 65 to 100. The four-point scale range is 75 to 100. 
Not only is the range covered by the averages obtained by means of 
the five-point scale greater, but also the frequency distribution more 
closely approximates the normal curve. In these respects the five- 
point scale is better than, or superior to, the four-point scale. This 
superiority is achieved without any reduction in reliability. 


CASMT NOMINATIONS FOR OFFICERS AND DIRECTORS FOR 1961 

Please send suggestions for the officers of President and Vice-President and 
for the Board of Directors to Mr. William A. Hill, Naperville High School, Naper- 
ville, Illinois. Mr. Hill is Chairman of the Nominating Committee. According 
to the By-Laws candidates for the officer of President and Vice-President must 
have been Directors during the past five years. 


SECTIONAL MEETINGS OF THE ILLINOIS COUNCIL 
OF TEACHERS OF MATHEMATICS 


There will be six sectional meetings of the Illinois Council of Teachers of Mathe- 
matics in March and April of 1961. The themes of these meetings include 
The Function of Modern Mathematics, Meeting Today’s Challenges in Mathe- 
matics, and Recent Developments in the Teaching of Mathematics. These meetings 
are specifically designed for teachers at the elementary, secondary, and college 
levels. The dates, places, and chairmen of the meetings are: 

Date Place Chairman 
March 25 Monticello College, Godfrey, Illinois Evelyn Trennt 
April 1 Southern Illinois University, Carbondale W.C. McDaniel 
April 14 Eastern Illinois University, Charleston Alphonso DePietro 
April 15 Western Illinois University, Macomb Jerry Shyrock 
April 22 Illinois State Normal University, Normal Hal Gilmore 
April 29 Sterling Township High School, Sterling Charles E. Schulz 

Chester Sherman 


For detailed information please write to the chairman of the specific meeting 
as indicated above. For general information, write to: 
T. E. Rine, Chairman 
Public Relations 
Illinois Council of Teachers of Mathematics 
Illinois State Normal University 
Normal, Illinois 


Elements of a Good Program in Arithmetic* 


Edward Sage 
Livonia Public Schools, Livonia, Michigan 


I. INTRODUCTION 


Many years ago Gauss stated, “Mathematics is the queen of the 
sciences, and arithmetic the queen of mathematics.” One would cer- 
tainly not want to dispute this position of arithmetic in our scientific 
world. However, rather than call arithmetic the queen of mathe- 
matics it might be put into a more practical framework for today’s 
world. Arithmetic supports and holds together the other areas of 
mathematics. It is the keystone of all mathematics. 

Elementary arithmetical understandings tie together algebra, 
geometry, trigonometry, and calculus, as each in turn is interrelated 
with arithmetic. Arithmetic is the catalyst providing the continuity of 
mathematical ideas as more specialized content is learned. Mathemat- 
ical learnings must be continuous, and therefore compartmentaliza- 
tion to the extent it has been practiced cannot be justified. The nature 
of a program in arithmetic must be considered as it relates to the 
entire mathematics program. 

For the purpose of this discussion the elements of a good program 
have been divided into three parts. Ideally these parts cannot be 
separated for they fit together in a closely knit program and each one 
depends upon the other. However, for a closer examination it is neces- 
sary to do some isolation and to go into some detail in each one of the 
isolated areas. Special attention will be given to the content, the 
method, and the teacher. 


II. ELEMENTS OF A GOOD PROGRAM 
A. Content 


Any arithmetic program must basically concern itself with counting 
and the nature of number. Counting is the foundation of all operation 
in arithmetic and attention must be directed to the quality and quan- 
tity of experiences provided in this area. A good understanding of 
counting is the background of all measurement and all operations. 
Most children approach counting through a rote pattern. As they 
grow in number concept the number words that they have learned are 
to take on certain meaning and have certain significance for them. 
Boys and girls must be given every opportunity to see the relation- 
ship of numbers to one another and in some way graphically portray 
this development. Most teachers use number charts, number ladders, 


* A paper presented at the Annual Convention of the Central Association of Science and Mathematics Teach- 
ers, Detroit, Michigan, November 24-26, 1960. 
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or number lines of some form when working with children. Children 
also count pencils, books, other boys and girls, milk money, etc. 

But many other experiences in counting have been pretty largely 
left to chance or have been neglected. What of the broad range of 
experiences that can be provided with various kinds of number lines? 
A child’s first counting experiences deal with the natural numbers, 
1-10, then to 20, and then later on to 100 and 1,000. Certainly a num- 
ber line drawn to meet these specific needs is a very helpful instru- 
ment. In some cases it may be only a segment of a number line which 
shows desired relationships. Then this segment of the number line 
must be exploited to its fullest potential. Some ways this might be 
done is not only to let children count by ones, but by twos, starting at 
both even and odd numbers. Encourage them to see what really is 
happening. What is happening when one counts by fives? And cer- 
tainly it is possible to count backwards as well as forward. The num- 
ber line which shows the position of numbers graphically is a wonder- 
ful instrument for providing the concrete help in this kind of an 
operation. Later as children grow in their understanding of number on 
a number line, they will not only count forward and backward in 
terms of whole numbers. They will also see and learn that they can 
count forward and backward by a particular quantity that may be 
desired. 

Along with and through this procedure we are helping boys and 
girls to discover that number is not only discreet as it is used in some 
ways but it is continuous as used most times. They will see that as 
they are counting objects that they are using number in a discreet 
role, but that every time some measurement is involved number as a 
continuous factor is being used. The number line itself can be used to 
show both the discreet and the continuous nature of number. And, 
when counting forward and backward along a line, it becomes evident 
that soon the line must be extended to the negative side of the “0” 
point. When one looks at the problem this way it is definitely seen 
that counting is not something that is done only in the lower elemen- 
tary grades. The development and understanding of the manifold 
aspects of counting continue as long as one continues to concern him- 
self with the use and study of mathematics. 

Another important aspect of the content of the arithmetic program 
is the relationship of symbolization to the mathematical ideas in- 
volved. Number ideas, number concepts, number theory, are all quite 
abstract; they exist only in the minds of men who have these ideas. 
However, because of the need of having some common plane upon 
which to work and communicate men have agreed upon certain sym- 
bols to represent their mathematical ideas. The numeral itself is not 
number. It is only a way of representing number ideas and should be 
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considered as such and understood as such even at the elementary 
school level. Children should also learn that certain other symbols are 
a shorthand way of showing number operations and relationships. 

Growing directly out of the understanding and practice of counting 
is the concept of group. Units are put together to form groups. Groups 
are put together to form other groups. Groups are taken apart to form 
other groups, etc. This is the logical way for man to organize his 
thoughts in terms of handling larger and larger quantities. Once a 
child has stopped thinking in terms of only individual units and has 
developed a group concept he is ready to start working on some of the 
more sophisticated operation of arithmetic. He is ready to begin add- 
ing, subtracting, multiplying, and dividing. But in these operations 
we are only grouping quantities together, grouping quantities apart, 
or comparing the size of various quantities or groups. Children should 
understand this idea quite well so that they need not guess which 
operation they are going to perform with the quantities found in some 
problems. They might simply ask themselves, ‘Is this a situation 
where numbers are being grouped together, and how might I most 
efficiently group these numbers together?”’ Or they might ask, “Is this 
a situation where I am asked to take a number apart, or to analyze 
the total amount into some of its subgroups?”’ In other instances they 
may readily see that they are confronted with the problem of com- 
paring the size of two groups. 

It is true that boys and girls will continue to perform the funda- 
mental operations as they are now known. They will perform them in 
relationship to the action implied in the problem with which they are 
confronted. They will come to learn that there is more than one way 
to group quantities together. They might either count, add, or multi- 
ply depending upon the particular situation with which they are 
confronted, and will also learn that under certain circumstances one 
or the other operation tends to be more efficient. 

The content of the arithmetic program should deal much more with 
the history of numbers than is generally found in most of our school 
programs. This does not mean lock-stepping children through the 
history of the development of our number system for this would be an 
unrealistic demand. One should not expect them to be able to call up 
certain historical dates or facts, but to the extent that points of his- 
torical interest can be they should be introduced. In most of our 
schools children learn to read and write Roman numerals in the mid- 
dle grades. Too often this is all that happens—they learn to read and 
write Roman numerals. Wouldn’t it be a lot more interesting if, when 
they were writing Roman numerals, they were helped to understand 
that the Roman number ideas were similar to ours but they used 
different symbols to represent their ideas? Wouldn’t it be valuable for 
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them to know that the reason our system is so much more efficient 
than the Romans is that the Romans could not perform the opera- 
tions using only their symbols but had to translate what the symbols 
said to a counter in order to perform certain operations? 

At a very early grade boys and girls start to learn about face value 
and place value of numbers as they are written. They learn about the 
units column, the tens column, the hundreds column, the concept of 
collecting into larger and larger groups. In the upper elementary 
grades they learn about the 1/10s column, the 1/000s column, etc. 
Shouldn’t boys and girls know that in the history of the development 
of notation the extension of place value to the right of the units 
column is rather a recent innovation? Are they not entitled to know 
that boys and girls in our early American colonies were denied this 
opportunity in working with numbers, for it was only a few years 
before the first colony was settled that this idea was espoused? 

There is a new approach to the solution of a long division example. 
Is it so unusual to develop a new algorismic form for long division? 
Most of our grandfathers did not record a long division algorism in 
the same form now commonly used. And it is not so unusual that the 
boys and girls in school today should learn to record it in still another 
way. 

To the extent that items of historical interest can be brought into 
the program they should be. Only a few examples have been cited. 
Children will come to see that arithmetic is an alive and growing 
body of knowledge and operations. They should see that mathemati- 
cal knowledge and use has actually grown right along with the history 
of a society. 

Children need to see the interrelatedness of all mathematical opera- 
tions. Interrelatedness begins with the concept of counting and the 
nature of recording number, then to the methods that we use for 
grouping and regrouping numbers in the various operations. They 
must come to see number ideas and their use as a tool and a skill. 
They should also come to recognize the value of mathematics in 
developing a way of thinking. 

' Threaded throughout the content of the arithmetic program should 

be the opportunity for children to apply their new knowledge and 
skills to solving problems which are meaningful to them and in ana- 
lyzing various kinds of situations, both real and simulated, which may 
be developed. The final test of the learning is in whether it can be 
related and applied to solving certain problematic situations. It is 
hoped that these situations will not be the trite and threadbare 
variety which have often appeared in the past, but rather the type 
that will excite boys and girls and stretch their imagination. 

Of course all of the above ideas must be developed continuously as 
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children proceed from kindergarten through the sixth grade. Not only 
must the sequential and developmental nature of mathematics be 
kept in mind, but also it should be remembered what is known about 
children and their needs. One must not overlook or avoid the informa- 
tion made available by those studying child growth and development. 


B. Method 


The content outlined above suggests an approach to the method 
which most likely should be followed. It lends itself to open-ended as 
opposed to closed-ended types of experiences for children in the class- 
room. Open-ended learning experiences are the type which do not 
stop with the learning of a specific fact by a child. They are the type of 
experiences which answer some questions but raise many more ques- 
tions in the minds of the children involved. They are the kinds of 
experiences that lead boys and girls to ask ‘“‘Why?” and “‘How?,” and 
encourage them to go on and seek answers to these greater and more 
important questions. Open-ended experiences are the kind which 
broaden concepts and lead to greater understandings. They awaken a 
greater quest for knowledge within the learner, and lead to creative 
thinking and effort on the part of children. 

Then there are closed-ended learning experiences. This type of 
experience might be shown by an example of a fact which is learned or 
memorized. It may tend to become an end in itself. There is little 
opportunity for imagination to come into play in this kind of an 
experience. In a classroom both kinds of experiences exist and are 
necessary. But teachers must strive more and more to provide the 
kinds of experiences which are open-ended. 

In any discussion of a modern approach to method in arithmetic 
one cannot overlook the place of concrete materials. This includes 
models, film and filmstrips, pictures and sketches, the chalkboard, 
and assorted paraphernalia. Psychologists state that learning develops 
along a pattern of experiencing concretely a subject and then making 
more and more abstract generalizations about the particular subject 
under consideration. This is true in the arithmetic program at all 
levels. 

However, teachers must certainly be discriminative in their selec- 
tion of the learning materials to be used in a classroom. More mate- 
rials are becoming available every day. Close examination reveals a lot 
of this material is simply expensive junk which has little value in an 
arithmetic classroom. On the other hand there is a great amount of 
material that is most helpful insofar as arithmetical understanding is 
concerned. It might be wise to start with what is closest at hand, the 
fingers, and proceed from that point to greater and greater levels of 
abstraction. The Hindu-Arabic number system has a base of ten 
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because God happened to put ten digits on the ends of a man’s arms. 
The number system has developed the way it has because man 
counted on these ten digits on the end of his arms. Therefore, can it be 
so terrible if boys and girls count on their fingers in order to gain new 
understandings in terms of counting and regrouping quantities? The 
only time teachers should be concerned about children counting on 
their fingers is when the experiences provided have not helped them 
grow past this very concrete stage, so that they no longer need their 
fingers as counters. Does it not at times seem a little foolish and ineffi- 
cient to talk about providing boys and girls with straws and bottle 
caps with which to count rather than let them use the ten perfectly 
good counters on the ends of their arms? 

Teaching method in every way should provide opportunity for boys 
and girls to find answers for themselves and make generalizations. 
Thisis true learning. When generalizations are made children come to 
see the greater interrelationships of all of the phases of mathematics. 
Even though a body of content is provided which leads in this direc- 
tion, it must not be taken for granted that all children are making the 
proper generalizations and understand the interrelationships in- 
volved. Questioning and problems must provide both opportunities 
for growth and evaluation in this respect. 

If creative thought is to be fostered on the part of children, oppor- 
tunities must be provided for them to make discoveries for them- 
selves. The child who is told all the answers to his questions, and who 
is told what to do and how to do it in his daily arithmetic assignments 
certainly is involved in closed-ended learning experiences. Why 
should he stretch his imagination, or reason for himself, if someone 
else does all of his thinking for him and all he has to do is memorize a 
few skills? Opportunities should not be overlooked for allowing a child 
to discover an answer for himself. And discovery is not finding out 
something quite by accident, but more often a continued series of 
experiences and opportunities leading to progressively more impor- 
tant discoveries as they fit together into the whole picture of the 
development of arithmetic. 

In terms of the above statments, what place should drill or practice 
have in the present day program? Certainly it would not be a routine 
rote kind of drill. In terms of the content available and the method 
being followed rote drill would certainly be out of place and probably 
quite inefficient. Rather, children should be allowed many opportuni- 
ties to practice their new found skills and understandings. This prac- 
tice should not be the same for all children but would be in terms of a 
particular need for making facts, skills, and knowledge an automatic 
part of their behavior. The practice should not only be varied in terms 
of the amount but in kind depending upon the needs of the students 
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involved. But the importance of practice, after understanding, must 
not be overlooked. Knowledge and skills become internalized, and 
consequently readily available, through continued practice and use. 

Arithmetical understandings are used every day by children as by 
adults. Methodology should be such that each child develops an ap- 
preciation for what arithmetic is, how and why it developed, and its 
useful potential. Insofar as possible each child should experience great 
satisfaction with his discoveries in the world of numbers and the way 
these discoveries fit together to build this very organized and useful 
body of knowledge. 


C. The Teacher 


It is hoped that any teacher who will be working with boys and girls 
in the above discussed program will have many questions about math- 
ematics and will continually be making new discoveries for himself. 
He need not be a mathematician in the sense that he has sat through 
many formalized mathematics courses at the high school and college 
level but he does need a curiosity about mathematics and he does 
have to be able to think mathematically. If he posseses anxieties 
about his limited ability in the area of mathematics he must be willing 
to overcome these anxieties in terms of finding new answers for him- 
self. 

The best teacher is one who is willing to admit that he has not 
learned many of the answers himself. It is tragic for children to sit at 
the feet of teachers who believe they have all of the answers. It is 
equally as tragic for the teacher, for this is only one sign that a teacher 
has stopped learning and growing. 

The best teacher will not try to make mathematicians of children 
but will rather try to provide the broad general mathematical educa- 
tion necessary so that the child who has the ability will want to be 
able to continue studying mathematics. His students will possess 
greater understandings in the higher levels of mathematical applica- 
tion and practice. He remembers that children are individuals and 
that it is children that are being taught mathematics. He will keep in 
mind the principles of child growth and development as well as the 
laws of learning. This teacher can make adjustments, likes to see 
children learn, enjoys learning more himself, and keeps a perspective 
on all of life. 


IIT. Summary 


Is it too idealistic to expect these elements in a good arithmetic 
program? One might ask, ‘‘Where do you find this kind of teacher?” 
or ‘“‘Where is the outline of this content?’’ or “‘Who has time to fol- 
low this method?”’ But this kind of teacher does exist and by encour- 
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aging freedom in teaching and allowing teachers to make discoveries 
for themselves, more and more such teachers will become apparent. 

The method is simply that which has been followed by good teach- 
ers for many years. But it is not the method followed by teachers who 
are simply dispensers of knowledge. Dispensers of knowledge too 
often provide only closed-ended learning experiences. This is also not 
the method that would be used by a teacher who is an autocrat in 
the classroom. Most teachers realize that they command greater 
respect by guiding boys and girls to deeper insights rather than telling 
or showing them what they have to know or do. 

The content outlined above is found in almost every modern series 
of arithmetic textbooks. It may not be laid out exactly this way, but 
the framework is there. It is up to the person who is acting as the 
guide in the classroom to help boys and girls interpret this framework 
and to see the pattern that exists. If the arithmetic book becomes the 
curriculum and each day’s lesson becomes an end unto inself, cer- 
tainly arithmetic will never be seen by children in its true perspective. 
It is up to the teacher to build onto the framework provided and to tie 
the program together in terms of overall and long-range objectives. 
It is up to each teacher to provide greater opportunities and experi- 
ences so that the proper insights are developed. 

This program does not provide the opportunity for first grade 
children to learn to multiply a two place number by a two place 
number. It does not provide that second grade children shall be 
taught geometry, and it does not accept that all of the arithmetical 
understandings can be taught by building an arithmetic program 
around the use of an abacus. 

It is evident that children in the first grade can learn to multiply, 
those in the second grade can learn much geometry, and a lot of math- 
ematics can be taught with an abacus. Children are amazing in terms 
of their learning ability. But why, in the name of arithmetic, must 
such unrealistic demands be placed upon a child’s time and ability. 
The Romans needed an abacus to compute, but it is only one of many 
aids available today. What child needs to know geometry at the 
second grade level, or how to multiply at the first grade level? Many 
questions must be raised and answered before some arithmetic pro- 
grams become acceptable. 

Would time and effort not be better spent in providing a very sound 
mathematical program which is continuous and sequential in terms of 
all children’s needs and in terms of greater insights into our particular 
number system? And do we not have evidence that boys and girls best 
learn through a variety of materials and a variety of approaches lead- 
ing to particular understandings? Each teacher must attempt to doa 
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better job and a more thorough job of teaching arithmetical under- 
standings and the nature of our number system. But acceptance of 
this challenge does not license an educator to disregard either the 
needs of children or the nature of mathematics. Likewise, the depress- 
ing of upper level fields of mathematical specialization further into 
the elementary curriculum must be stopped. There are too many 
other necessary and worthwhile understandings which should be 
developed. 


MICHIGAN COUNCIL OF TEACHERS OF MATHEMATICS 


The 12th annual conference of the Michigan Council of Teachers of Mathe- 
matics will be held at the M.E.A. camp, Saint Mary’s Lake, Battle Creek, on 
May 5, 6, & 7, 1961. 

Inquiries should be addressed to Mrs. Marjorie Pickering 5198 Coidspring at 
Birmingham, Michigan. 


STUDY VIRUS GROWTH PROCESSES UNDER 
ELECTRON MICROSCOPE 


What appears to be the growth processes of viruses within a cell-—from naked 
threads of nucleic acid to “‘full-clothed”’ rod-like viruses—has been revealed by 
electron microscope studies. 

Drs. John M. Adams and David T. Imagawa of the University of California 
Medical School at Los Angeles, with Dr. J. R. Goodman of the Long Beach 
Veterans Administration Hospital Research Laboratories, studied three related 
viruses—measles, distemper and rinder-pest. 

When these, as well as other viruses, attack a living cell, new objects called 
inclusion bodies appear in the cell nucleus and cytoplasm. 

The UCLA investigators examined these inclusion bodies, which have a char- 
acteristic pattern in cells invaded by each of the viruses, under the powerful 
electron microscope. 

In certain stages of development, the pattern is one of randomly arrayed 
thread-like strands or filaments. In other stages, it is one of closely packed rods. 

This evidence suggests that inclusion bodies are clumps of viruses reproduced 
in the infected cell. The thread-like strands may be the immature virus, which 
consists only of its nucleic acid core. The dense rod-like pattern may represent 
clumps of mature or nearly mature viruses that have added a protein coat to their 
nucleic acid core. 

The UCLA scientists said this technique of studying the virus within the in- 
fected cell may contribute valuable information to the knowledge of the “‘life 
history” of viruses. Other virus researchers have employed chemical and centri- 
fuge procedures of extracting the virus from the cell and then studying it by elec- 
tron microscopy. 


The Gentle Art of Problem Solving 


Sister M. Stephanie Sloyan 
Georgian Court College, Lakewood, New Jersey 


Problem solving is an art. Skills are important, basic procedures 
must be understood, but in the final analysis the solving of a mathe- 
matical problem one has not seen before depends upon a happy in- 
spiration, or the putting together of hitherto disparate elements, and 
demands the same kind of creativity and imagination as the fashion- 
ing of a particularly apt metaphor. Furthermore, the thrill of solution 
is of the same order as that received from the production of a perfect 
short story. 

But the purpose of this paper is not to praise problem solving (or 
problem solvers), but to speak of a special kind of problem solving 
as a valuable adjunct to teaching mathematics. By problem solving 
I mean the solution by students, on all levels, as part of their course 
work, of problems published in mathematical journals, and the pub- 
lication of the students’ solutions. 

Problems are of all degrees of difficulty, from the simpler ones in 
the Mathematics Student Journal to the Advanced Problems in the 
American Mathematical Monthly. There is, for example, the problem 
department in this journal, ScHoot SCIENCE AND MATHEMATICS, 
edited by Margaret F. Willerding, containing many problems within 
the ability of high school students, and all within the ability of college 
students. Students who submit correct solutions are listed in a special 
honor roll and receive an issue of the magazine in which their correct 
solution appears. The Elementary Problem department (edited by 
Howard Eves) in the American Mathematical Monthly (with prob- 
lems sometimes not so elementary), and the Advanced Problems 
(edited by E. P. Starke) in the same periodical, contain problems in 
all fields. The Mathematics Magazine for years has had an excellent 
problem department. If one desires problems in geometry and number 
theory, the Belgian journal Mathesis has an admirable collection in 
each issue. 

Of course the student can and must solve problems from his text. 
He does this all through high school and all through college, and 
without this type of problem solving there is no learning. Mathe- 
matics is not a spectator sport. One cannot learn mathematics with- 
out actively taking part. But even if there is active participation on 
the part of the learner, the working of textbook problems is usually 
regarded as labor. We are writing about problems for enjoyment, 
with learning as a by-product. 

If the college student, or even the more advanced high school 
student, has access to the problems appearing in the journals each 
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month, and faithfully attempts their solution, even if he succeeds 
only occasionally, he is keeping in touch with the work being done by 
mathematicians (for some of the problems proposed arise in connec- 
tion with research). He learns to apply all the techniques he has ac- 
quired in various courses, and, most important, he has the tarill of 
discovering for himself, almost as if he were responsible for a new 
theorem. He is engaged in activity which, for him, is original. He can 
learn to generalize. He can be encouraged to go on from the solution 
he has obtained to question further, ““What would happen if... ?” 
In this way he may be led to discover something truly new. 

Some people have made mathematics a career after becoming in- 
terested through solving problems. There is evidence that a large 
number of research papers and theses for college degrees have had 
their origin in the American Mathematical Monthly problem depart- 
ment.' For two hundred fifty-one of the problems published in the 
Monthly between 1918-1951 no solutions have been received. These 
may be used as a basis for research. 

Finally, if the student is successful with his problem, he should 
attempt to publish the results. In this way he will learn to submit 
solutions in the most acceptable form, logical and succinct. Various 
pieces of advice have been offered by editors to would-be authors of 
solutions. “‘He [i.e., the editor] may hope that the solution will not 
leave too much to be desired in organization, grammatical structure 
and legibility.’ And from Mathesis, this: It is necessary to be at the 
same time clear, precise, and concise.’ The student will learn that if 
his solution is correct, but either wordy or elliptical, it will not ap- 
pear. Let him strive to be the one whose solution is the most elegant 
so that it will be published. While the discovery of a correct solution 
should be reward enough, it helps the student’s morale to see his solu- 
tion, with his name attached, in the pages of a national magazine. 
Someone has said that the desire to see one’s name in print is the 
last small vanity to disappear! Aside from this, since all scientists 
and mathematicians are encouraged to publish and share their dis- 
coveries with others, such publication by the student can be an 
excellent beginning. 

Sometimes the current problems fit well with work being done by a 
particular class. More frequently they do not. In this latter case, 
one of two things may be done. The instructor may suggest problems 
from previous issues of the journals which are appropriate. If solu- 
tions have been published in the meantime, the student can compare 
his own for elegance and simplicity; he may find an alternate and bet- 
ter solution. In the cases where no solution has ever been received the 
student is in fact attempting a “current” problem and his solution 
is still publishable material. On the other hand, instead of searching 
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for problems appropriate to a particular subject or lesson, let the 
instructor suggest interesting problems which may have no bearing 
on the daily work, but have value in themselves for the material they 
contain. 

In the foregoing paragraph, I have been careful to use the word 
“suggest,” rather than “assign,” as the work of the instructor. These 
problems are not a task to be performed. They should become some- 
thing that the student wants to do, on his own time and for his own 
pleasure, and not something to be counted in with a grade point 
average. With an inspiring instructor who makes frequent reference 
to such problems, pointing out ones that are important to the student 
at this stage of his mathematical development, the student should 
look forward to forthcoming issues of the periodical, and should find 
it almost impossible to refrain from turning to the problem page first. 
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COMPOUNDS OF “DINOSAUR” ELEMENT 98 PREPARED 


The first pure compounds of the man-made element californium, no. 98, have 
been prepared by scientists at the Lawrence Radiation Laboratory of the Uni- 
versity of California, Berkeley, where this element was first made. 

Three separate californium compounds—californium trichloride, californium 
oxychloride and californium oxide—were prepared by treatment of the element 
with hydrochloric acid and steam at high temperatures. 

The feat of carrying out indentifiable chemical reactions with such minute 
quantities of material—samples weighing about a ten-millionth of a gram—was 
accomplished as a result of the recent perfection of techniques for working on the 
“submicrogram”’ scale. 

Californium is one of the “dianosaurs” of matter—an element that may have 
been present in the beginnings of the earth but soon disappeared through radio- 
active decay. The element was first fabricated with the use of the atom smashers 
by University of California scientists. 


FUTURE SATELLITES MAY BE COOLED BY HOT COATING 


A burning coating may cool satellites of the future during re-entry into the 
earth’s atmosphere. Dr. Andrew F. Charwat, professor of engineering at the 
University of California, Los Angeles, said. The reason: 

During re-entry, the surface of a high-speed missile or satellite heats up to 
5,000 to 10,000 degrees Fahrenheit, which would burn both men and instru- 
ments. This tremendous heat can be reduced, however, by coating the surface 
with a solid material that will either ablate (melt) or sublimate (evaporate) 
during re-entry. 

A good sublimating material like graphite carbon, or instance, will burn up 
during re-entry, but in the process will absorb and evaporate enough heat to 
lower the missile’s surface temperature from thousands of degrees Fahrenheit 
to a few hundred degrees. 


Reactions of Scientists and Science Teachers to 
Statements Bearing on Certian Aspects of 
Science and Science Teaching* 


Frances L. Behnke 
245 W. 101, New York 25, N. Y. 


The upsurge in public interest in science and science teaching since 
World War IT has revealed some disquieting misunderstandings about 
the nature of science and science teaching among citizens in all walks 
of life. The calm needed to discuss publicly the issues involved is diffi- 
cult to maintain in the face of the cold war and the alleged Russian 
advances in science and technology. Complicating the situation fur- 
ther is the widespread assumption that a vigorous and advancing 
science and technology are absolutely essential for the preservation of 
our American way of life. It is not surprising, then, that the scientists 
and the science teachers have emerged as central figures in this period 
of anxiety and uncertainty. 

The main purpose of the study, partially reported here, was to sur- 
vey, by means of a mailed questionnaire, the opinions of a selected 
group of high school science teachers and a small group of scientists 
with respect to certain issues and apparent public beliefs about sci- 
ence in American life. The data gathered were analyzed to determine 
certain differentials implied in the following questions: 

1. Are there significant differences between a select group of science teachers 
and scientists with respect to their opinions on certain aspects of science and 
science teaching? 

2. Are there differences of opinion on science and science teaching between 
selected groups of physical science and biology teachers? 

3. Do teachers from different geographical regions differ in their opinions 
about science and science teaching? 


4. Are there variations in the opinions of science teachers as a result of differ- 
ences in educational background and teaching experience? 


The possible importance of this study rests on the assumption that 
the opinions and attitudes of science teachers toward science and its 
relation to American life directly and significantly influence the 
quality of science teaching. If it could be shown that many science 
teachers express opinions or attitudes which indicate misunderstand- 
ings, even misconceptions, about the nature of science, then we face a 
problem of the first magnitude in the training of science teachers. It 
may well be that disclosures of recent studies on the apparent non- 
constructive attitudes of young people toward science can be traced in 
part to the science classroom. 

In any case, a modest probing of the thinking of science teachers 


* This article is based on an unpublished doctoral study, Teachers College, Columbia University under the 
auspices of the Science Manpower Project. 
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about certain aspects of science might reveal data which would fur- 
nish guidance for constructive proposals aimed at improving the 
teaching of science. 


THE SURVEY INSTRUMENT 


Of the several techniques available for surveying or probing the 
opinions and attitudes of a selected population, a modified question- 
naire was deemed most practical in the light of the purposes of the 
study and available resources for carrying it out. A questionnaire 
containing fifty statements was prepared to obtain responses from 
two populations on certain issues. The populations were a selected 
group of scientists and science teachers. The responses were registered 
as favoring, opposing or taking a neutral position on the selected 
items. 

Many sources were used in developing the statements such as 
articles written by scientists on various issues, scientific and philo- 
sophical literature, personal observations, discussions in conferences 
and classes, and exploratory interviews with a variety of specialists. 
To insure adequate coverage and balance, four categories of state- 
ments were developed: 

A. The nature of science: statements on the character, importance and limita- 

tions of science. 

B. Science and society: statements on the relation of science to the social order. 

C. The scientist and society: statements on the role and place of scientists in 

society. 

D. The teaching of science. 

In order to eliminate unsatisfactory questions in each category, the 
statements were pretested on various pilot groups such as high school 
science teachers and participants in a conference on science and 
religion. 

To investigate possible differentials among science teachers with 
respect to their reponses to the items in the questionnaire, certain 
personal data were requested. They were asked about their educa- 
tional background, number of years of teaching experience, subjects 
taught, type of undergraduate and graduate institution attended and 
number of credit hours earned in science and in education. 


THE POPULATION STUDIED 


One thousand physical science and biology teachers from the mem- 
bership rolls of the National Science Teachers Association were used 
as the sample for the teaching group. Cards for the entire membership 
of NSTA were arranged alphabetically by states, and the states were 
then grouped in three geographical regions: the Northeast, the South, 
the West-Midwest. The ratio of biology to physical science teachers in 
the membership was two to three, and therefore, 400 biology and 600 
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physical science teachers were chosen. The individual teachers were 
selected by random number techniques. 

The scientists were limited to 100 chosen from a list furnished by 
the Director of the Science Teaching Improvement Program of the 
American Association for the Advancement of Science and from lists 
suggested by those familiar with scientists prominent in both the 
academic world and the national scene. The scientists were from all 
geographical areas of the United States. Twenty-eight were actively 
interested in science education and 72 in research, academic life, or 
public affairs. Fifty-two could be classified as working in the field of 
the life sciences and 48 in the physical sciences. Seven were in research 
institutes, foundations or government service, and the rest held aca- 
demic positions. Seventy of the 100 scientists responded to the ques- 
tionnaire. 

Of the 1000 questionnaires sent to science teachers, 621 or 62% 
were returned, with 200 or 50% from biology teachers and 421 or 
71% from the physical science group. To find out whether the 
responses were representative of the stratified random sample, a 
second mailing was sent to a group selected from those who failed to 
respond to the first mailing. Seventy-one percent of this group replied. 
Responses of the first and second groups were compared and Chi 
square values were calculated to see whether the differences were acci- 
dental or arose through sampling variations. The differences in replies 
of the two groups were minor, and it was assumed that the responses 
received were reasonably representative of the total sample. 


TREATMENT OF THE DATA 


The responses to each item or statement were converted to per- 
centages of agreement, disagreement or neutrality. The percentages 
were calculated, using as a denominator the actual number of re- 
sponses which, in some few cases, varied slightly from the total 
number of teachers or scientists who returned questionnaires. Anal- 
yses were made under the four categories. First, the responses of the 
total teaching group were compared with those of the scientists. The 
teachers were then divided into five subgroups: subject taught, geo- 
graphical region, type of undergraduate institution attended, ratio of 
hours in science to hours in education, and length of teaching experi- 
ence. An item to item comparison was made for each sub-group. To 
test the significance of the difference between the percentage re- 
sponses, the standard error of difference between two uncorrelated 
percentages was calculated. Critical ratios were obtained and levels of 
confidence established. Some of the more interesting findings are 
summarized in terms of the established content categories and the 
various groups compared. 
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SCIENTISTS AND SCIENCE TEACHERS 


The responses of the science teachers and scientists to the items 
included in the four categories were summarized as percentages of 
agreement, disagreement and neutrality and then compared on an 
item to item basis. 


On the Nature of Science 


The fourteen statements in this category were designed to evoke 
responses which would give some indication of each respondent’s 
understanding of the nature of science and the scientific enter- 
prise. The statements dealt with such matters as the value of team 
research, the limitations of science, goals of scientific work, the scope 
of scientific approaches to everyday problems, and the tentativeness 
of scientific findings. 

The item to item comparison of the responses of the scientists and 
the teacher was revealing. On five of the statements agreement be- 
tween the two groups was fairly close. A slight majority of both 
scientists and teachers seemed to feel that team research was more 
productive than individual research. On the question of the limita- 
tions of science, both groups recognized that there were limits but 
rejected the idea that certain investigations should be limited on 
account of the possible bias of the investigator. The responses on 
these points were understandable since the scientific approach does 
have limitations at present and it is possible to recognize the limits of 
the scientific approach without specifying a biased investigator as an 
inevitable feature of these limitations. 

On the question of the goals of scientific work, only twenty percent 
of the scientists believed that the goal of scientific work was the im- 
provement of human welfare or the solving of practical problems. 
Over 50 percent of the teachers thought otherwise. Consistency of 
response on these two items was noted for both scientists and science 
teachers. 

The scientists were more inclined than the teachers to reject the 
idea that it is unnecessary to use scientific procedures to establish 
man’s place in the universe. The fact that almost one fourth of the 
scientists and one third of the teachers either agreed with this state- 
ment or were neutral was somewhat surprising in that scientific pro- 
cedures have already been used extensively for this purpose. 

The statement that belief in an orthodox religion would interfere 
with the work of a scientist brought disagreement on the part of a 
large percentage of the science teachers. Only a small percent were 
neutral on this point. A smaller majority of the scientists also rejected 
the statement; only 14 percent agreed. Because it is unlikely that 
many science teachers have faced this problem directly, they seemed 
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more optimistic about the ability of a human being to compartmenta- 
lize his beliefs and opinions. A 

Although it is true that there are many dependable facts in science, 
it is generally agreed that its findings are tentative and absolute cer- 
tainty is not a characteristic goal of the scientific enterprise. It was 
surprising that over one half of the teachers felt that scientific find- 
ings were not tentative. Even more surprising was the 20 percent of 
the scientists who felt the same way. That there may be some con- 
fusion on this point was indicated by a comment volunteered by a 
teacher: 


“Science is ‘plagued’ by the uncertainty principle. Math is loaded with ab- 
solutes.” 


A higher percentage of scientists than teachers disagreed with the 
oft-quoted assertion that a scientist may help to achieve a desired 
value but he cannot help in the selection of this value. It should be 
noted that almost one fourth of the scientists and teachers failed to 
respond positively or negatively to the statement. One scientist com- 
mented: 

“The scientist must accept stated values but he may help the public deal more 
effectively with values by describing, explaining, clarifying, or predicting the 
outcomes of certain values.” 
The relation of high intelligence to the making of a superior scien- 
tist was recognized by a large majority of the scientists. On the other 
hand hardly more than half of the teachers agreed that to become a 
superior scientist requires superior intelligence. It may well be that 
this indicated a basic difference in point of view toward intellectual 
achievement between the two groups. 

In summary, statements which were phrased from a sociological 
point of view or approached the nature of science indirectly, evoked 
responses on which the two groups were in closer agreement than 
statements which dealt directly with specific aspects of the nature of 
science. The statements which produced the most marked differences 
between the scientists and the teachers were those about the goals and 
limitations of science. The point of view of the teachers toward the 
goals and limitations may reflect the general public attitude and mis- 
understanding of these important aspects of science. This was ap- 
parently not true of the scientists to the same extent. In any case it 
may be said that on statements which involve an understanding of the 
scientific enterprise in some depth, the teachers differed most from the 
scientists. 


On Science and Society 


Of the fifteen statements in this category, four pertained to the 
extension of the scientific approach to the solution of human prob- 
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lems; five to the impact of science on society, and six to the impact of 
society on science. 

Both the scientists and the teachers were apparently optimistic 
about the use of the scientific approach in the solution of human 
problems, the science teachers more so than the scientists. Statements 
referring to the impact of science on society evoked responses which 
produced the greatest differences in this category. Over one half of the 
scientists agreed that man’s religious doctrines should be continually 
revised in the light of new scientific truths; only one fourth of the 
teachers agreed. 

With one exception, responses to the statements pertaining to the 
impact of society on science showed little difference between the two 
groups. To a greater extent than the teachers, the scientists felt that 
the use of scientific evidence to justify religious, economic and politi- 
cal dogma was harmful to the development of social institutions. Both 
the scientists and teachers were in strong agreement on the necessity 
of public understanding of science, and that the public’s point of view 
toward science was based largely on acquaintance with technology. 
On the question of the hostility of the socio-political environment to 
the development of scientific talent, less than one third of both 
groups agreed, nearly one half disagreed, and the rest were neutral. 


On the Scientist and Society 


There was little difference between the scientists and the teachers 
on items pertaining to the participation of the scientists in public 
affairs. Both groups were almost unanimous in favoring the participa- 
tion of the scientists in creating better public understanding of their 
work, and in helping to formulate public policy on matters related to 
the scientific and technological enterprises. Both were in high agree- 
ment that the scientist should be concerned with the social effects of 
the discoveries he has made and about three fourths of both groups 
felt that the control over the use of scientific discoveries should not be 
solely in the hands of non-scientists. 

The most marked difference was evoked by the statement which 
asserted that the scientist should conform to social pressures. Here 
80% of the scientists and only 4% of the science teachers agreed to 
this statement. Yet only 30% of the scientists and teachers agreed 
that our society should expect the scientist to abandon his work when 
asked by the government to do something for the public welfare. 

It seems apparent from their responses that the scientists as a group 
were denying the validity of the “ivory tower’ position. With the 
exception of the item on resisting social pressures, the teachers, too, 
felt that the scientists should be active in public issues bearing on 
the scientific enterprise. The marked difference between the two 
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groups on the question of the conformity of the scientist to social 
pressures is difficult to account for in the light of the responses to 
other statements in this category. It may be that the scientists par- 
ticipating in this study were anxious about their status as citizens, 
and the teachers were thinking of pressures they themselves had to 
deal with in their local situations and were expressing their strong dis- 
approval. It seems unlikely that 80% of American scientists would 
agree to this item if it were interpreted as infringing on their au- 
tonomy as scientists. 


On the Teaching of Science 


On several statements related to what to teach and how to teach it, 
there was close agreement between the scientists and the science 
teachers. On statements which involved social issues of scientific 
origin, the two groups differed markedly. In these instances it is likely 
that the scientists responded more from a purely scientific point of 
view than the teachers who seemed more inclined to base their 
opinions on human welfare considerations. 

Both groups were nearly unanimous in rejecting the assertions that 
the scientific facts about human reproduction should not be taught 
and that mention of Russian contributions to science should be 
avoided in high school science classes. On the question of teaching 
high school science in terms of strict cause and effect relations, a sig- 
nificant majority of teachers and a smaller majority of the scientists 
disapproved. The introduction of moral issues into science teaching 
was approved by a much larger percentage of the teachers than scien- 
tists. Apparently the scientists were more fearful than the teachers of 
the distorting influence of science fiction on a student’s outlook on 
science, and were less optimistic than the teachers on the value of 
research related to educational work. Voluntary comments by a few 
scientists expressed skepticism of the possibility and value of educa- 
tional research. 

The two statements in this category which showed the largest dif- 
ferences pertained to special provisions for those with exceptional 
talent and to the competency of a teacher to teach biology who re- 
jected evolutionary concepts. Only one fourth of the scientists agreed 
and more than one half disagreed that it is undemocratic to make 
special provisions for those with exceptional scientific talents. On the 
other hand, almost all the teachers rejected this assertion. That so 
many of the scientists should view this proposal as undemocratic may 
well be a consequence of their misunderstanding of the intent of the 
statement. 

Teachers and scientists disagreed rather sharply on the statement 
about the competency of a biology teacher who rejected evolutionary 
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theory. The great majority of the scientists thought that such teach- 
ers were not qualified to teach biology while only a third of the teach- 
ers agreed. That the issues involved in this statement are many and 
deeply rooted in our culture was admitted without question; yet, it is 
difficult to see how biology could be represented as a science without 
the modern theories on evolution. There was the possibility that 
many of the teachers included in the study did not believe in evolu- 
tion in any guise. 


Summary 


Responses to statements included in the category On the Nature of 
Science discriminated between the groups more than statements in the 
other categories. It seems clear that much of the misunderstandings 
and many of the apparent inconsistencies noted were related to a lack 
of understanding of the nature of science. To the investigator it seems 
unlikely that clarity on issues raised by the statements in the ques- 
tionnaire will come about unless there is an increase in knowledge and 
understanding of the nature of the scientific enterprise on the part of 
both teachers and scientists. 


INTRAGROUP COMPARISONS OF THE RESPONSES 
OF THE SCIENCE TEACHERS 


After the opinions of the science teachers were compared with those 
of the scientists, the data from the teachers were analyzed to deter- 
mine intragroup differences with respect to subject taught, regional 
location of school, and type of educational background. Five sub- 
groups were established and item by item comparisons were made. 
There was no attempt to draw a composite picture of the precise views 
and opinions teachers should hold on the selected issues and aspects of 
science. The purpose of the comparisons was to reveal differences 
which might exist among the teachers’ responses in the sub-groups 
established. 


Physical Science and Biology Teachers 


As indicated earlier, 421 physical science and 200 biology teachers 
returned completed questionnaires. The item by item analysis of the 
fifty statements in the survey revealed relatively little differences in 
the responses between teachers in the two subject matter fields. There 
were only five items for which there was a significant difference at the 
.01 level of confidence. Of these five items, three pertained to the 
nature of science and two to the teaching of science. 

Eighteen of the items showing the greatest differences between the 
opinions of scientists and the total teaching group were examined 
with respect to the physical science and biology teachers. In general 
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the physical science teachers agreed more closely with the responses 
of the scientists than did the biology teachers. However the differ- 
ences between the two sub-groups and the scientists were small except 
for the responses to the items dealing with the acceptance of evolu- 
tionary theory as a prerequisite for a biology teacher. Here, the 
physical science teachers were significantly closer to the scientists 
than the biology subgroup. 

The two groups were closer to agreement with each other than 
either group was with the scientists. Evident in the responses was a 
homogeneity in opinions of the teaching groups that seemed to trans- 
cend the division into teaching fields. 


Geographical Differential 


To determine whether the opinions of the science teachers varied 
according to the geographical location of their teaching positions, the 
total group was separated into three geographical regions: 176 
teachers from the Northeast; 111 from the South; and 334 teachers in 
the West-Midwest group. 

In the analysis, 17 statements were found to indicate significant 
differences about the three sub-groups. Seven of these pertained to the 
nature of science, five to science and society, four to the teaching of 
science, and one to the scientist and society. To a greater degree than 
was true for the other two sub-groups, the teachers from the North- 
east felt that scientific procedures were needed to establish man’s place 
in the universe; that the practical was not an important emphasis of 
the scientific enterprise; that the improvement of human welfare was 
not a primary objective of the working scientist; and that superior 
intelligence was necessary to become a superior scientist. On the 
teaching of evolution, the teachers from the South showed the lowest 
percentage of agreement; a teacher who rejected evolutionary theory 
should not teach biology. The teachers from the West-Midwest had 
the highest percentage agreement (of these sub-groups) on this item. 

The responses of the teachers from the Northeast, when taken as a 
group, suggested a somewhat greater degree of sophistication than the 
other two subgroups in that they were in closer agreement to the re- 
sponses of the scientists and to what the investigator judged to be 
constructive responses, especially on items pertaining to the nature of 
science. The differences among the subgroups was not marked and the 
similarities outweighed the dissimilarities. The differences were less 
marked than those between the scientists and the total teaching 
group. Responses of the teachers from the West-Midwest were closer 
to the Northeast than were the responses of teachers from the South. 
Those from the South tended to be more optimistic on questions 
involving the extension of the scientific approach to the solution of 
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human problems including values, and to consider the goals of science 
more in terms of practical outcomes and human welfare than either of 
the other sub-groups. 


Number of Science and Education Courses 


The number of semester hours in science and education reported by 
the teachers on the front page of the survey instrument were totaled, 
and three subgroups were established based on the ratio of hours in 
science to hours in education; both graduate and undergraduate 
credits were combined in the totals. Sub-group I included teachers 
with approximately twice as many hours in science as in education; 
sub-group II those with approximately equal numbers of hours in 
science and education; and sub-group III those with approximately 
twice as many hours in education as in science. The number of teach- 
ers in sub-group I totaled 336; in sub-group II, 176; and 49 teachers 
in sub-group III. The ratios of hours in science to hours in education 
were taken as three points on a continuum with the number of hours 
in science ranging from 5 to 196 and in education from 0-140. 

The distribution of course credits in science and education reported 
by 561 teachers did not support the comment frequently made that 
science teachers take so many courses in education that they have no 
time for the study of science. Almost 60% of the teachers in the study 
reported approximately twice as many hours in science as education 
while less than 9 percent reported the converse. Many of the courses 
labeled education may have been courses that dealt with scientific 
materials. 

When the percentage responses of these three sub-groups were com- 
pared on the fifty statements, the differences among the teachers with 
varying course credits in science and education were not as great as 
was expected. Some comments on the responses of the small group of 
teachers with the least science credits may be interesting. Among the 
three sub-groups, they had the highest percentage disagreement on 
the question of teaching science in the high school in terms of strict 
cause and effect relationships and the lowest percentage agreement on 
the issue of whether or not a teacher who rejects evolutionary theory 
should be permitted to teach biology in the high school. They were the 
highest in percentage disagreement on the statement that a scientist 
should conform to social pressures, and on the statement that the 
scientist should abandon work he wants to do when asked to do some- 
thing for the public welfare. They were less fearful of the detrimental 
effect of science fiction on the young than the other two sub-groups; in 
greater agreement that a primary object of scientific work is the im- 
provement of human welfare, and in lesser agreement on the question 
of the greater productivity of team over individual scientific research. 
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Differences among the three sub-groups were, on the whole, less 
than the differences between the scientists and the total teacher 
group. As might be expected, the sub-group with the most science 
background responded to the statements in a manner closer to the 
scientists than was the case with the other two groups although there 
were exceptions. The sub-group with the least science background 
was, in general, furthest from the scientists in their responses. This 
should not be interpreted to mean that one group is more correct than 
the other, for such an evaluation was not an objective of this study. 


Type of Institution of Higher Education Attended 


Teachers responding to the questionnaire were asked to list the 
educational institutions where they took their undergraduate and 
graduate work. On the basis of these data, the teachers were separated 
into three sub-groups: a sub-group of 259 teachers who graduated 
from liberal arts colleges; a sub-group of 221 teachers who graduated 
from universities, and a sub-group of 121 teachers who graduated 
from teachers colleges. 

When the responses of the three sub-groups to the fifty statements 
were compared it was found that the differences were less than among 
any of the sub-groups compared in the study. There was practically 
no significant difference between the liberal arts and university sub- 
groups. The teachers college group differed most from the other two 
sub-groups. This may be misleading since the majority of the re- 
sponses did not show percentage differences that were considered 
significant. When the responses of these sub-groups were compared to 
the responses of the scientists, little difference was found among the 
sub-groups. 


Teaching Experience 


Data on years of teaching experience secured from the teachers in 
the study were used to establish two sub-groups at the extremes: 
those with five or less years and those with twenty or more years of 
teaching experience. There were 142 teachers in the first sub-group and 
162 in the second. The teachers with the greatest amount of experience 
differed most markedly from those with the least on the question of 
teaching evolution; a teacher who rejects evolutionary theory is not 
qualified to teach biology. Not only did they show a higher percentage 
agreement on this item than teachers with the least experience but 
also their percentage agreement was higher than for any of the sub- 
groups in this study. 

On the question of teaching science in terms of strict causal rela- 
tions, and on the statement concerning the possible ill effects of 
science fiction on young people, the teachers with the least experience 


204 School Science and Mathematics 


disagreed more than older teachers. They were also more inclined to 
favor the introduction of moral issues in the teaching of science. The 
more experienced teachers were in greater agreement that it takes 
superior intelligence to become a superior scientist; that team re- 
search is more productive than individual research; that the use of the 
scientific approach will help man in his personal problems; and that 
there should be widespread acceptance of the scientific approach to 
questions of value. It is interesting to note that statements pertaining 
to the nature of science were less effective in discriminating between 
these groups than was true for the other sub-groups. 


Summary 


For all the sub-groups compared, and when all the data obtained 
were taken into account, it was concluded that in general the signifi- 
cant differences among the various sub-groups were very much fewer 
than the similarities. When the comparisons among the sub-groups 
were compared with the comparisons made between the scientists and 
the teachers as a group, it was found that in general the differences 
among the teachers were less marked than those between the scien- 
tists and the teachers. 

The most effective category for discriminating among the sub- 
‘groups was The Nature of Science. The discriminating power of the 
items in this category was demonstrated in all the comparisons made 
among the sub-groups except those involving length of teaching 
experience. 

A hypothetical composite teacher who embodied the differences 
found among the sub-groups was suggested by the results of the 
analyses. He would be a physical science teacher from the Northeast 
who graduated from a university or liberal arts college with twice as 
many course credits in science as in education and who had had 0-5 
years teaching experience. 


EDUCATION OF SCIENCE TEACHERS 


Earlier in this study it was pointed out that the science teacher is 
the key element in any science program and that his attitudes and 
opinions toward science and science teaching influence the effective- 
ness and validity of his work. Furthermore, it was assumed that if 
approximations of opinions on certain aspects and issues of science 
and science teaching could be obtained, clues would emerge which 
would enable the investigator to formulate suggestions for the im- 
provement of programs for the training of science teachers. It is be- 
lieved that clues were found, and their implications for teacher 
education are discussed below. 

Central elements in the understanding of the scientific enterprise 
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are the recognized goals and limitations of science. Over one half of 
the teachers but only one fifth of the scientists felt that the goals of 
science were practical and aimed primarily at the improvement of 
human welfare. What seems to be at issue here is the status of the 
long-established goal of scientific endeavor—to increase man’s stock 
of dependable knowledge about himself and his universe, and its rela- 
tion to the practical and to human welfare. In a sense it may be ar- 
gued that sooner or later all scientific findings have practical applica- 
tions and that an increase in knowledge is, of itself, a contribution to 
human welfare. To assume this point of view without qualification, 
however, seems to this investigator to misrepresent the nature of 
scientific work and the goals which guide the scientific enterprise. The 
history of science seems to show that there is no necessary one-to-one 
correspondence between a preconceived practical application and a 
basic scientific development. 

The tentativeness, and the absence of absolute certainty which 
characterize scientific findings were thought by this investigator to be 
well established. Yet more than one half of the teachers disagreed or 
expressed neutrality. The fact that only 49% agreed strongly suggests 
that there are many science teachers who view the substantive con- 
tent of science as fixed and unchangeable. Such an authoritarian view 
of science is, of course, not justified and would certainly lead to a mis- 
representation of the sources of authority of science if it prevailed in a 
teaching situation. 

The reactions of the teachers on the points discussed above and 
their reactions to questions on the limitations of science suggest pos- 
sible improvements in the education of science teachers. First, pro- 
spective science teachers should have the opportunity to acquire a 
comprehensive understanding of the nature of the scientific endeavor, 
including its goals, limitations, and relation to other ways of thinking 
and working. For the prospective science teacher to achieve this goal, 
it will be necessary to provide opportunity for him to investigate 
studies in the history and philosophy of science. Such opportunities 
may be provided in at least two ways: first, in regular science courses; 
and second, in a special seminar. 

In the substantive science courses, it should be possible to incorpo- 
rate a number of problems related to the nature of science, its goals 
and limitations, which would draw on authentic materials from the 
history and philosophy of science. In addition, it is strongly recom- 
mended that the program of every prospective science teacher include 
a one semester senior seminar on the history and philosophy of sci- 
ence. Here it should be possible to achieve an understanding of the 
evolution of scientific thought and thus gain appreciation of science as 
an intellectual endeavor of the greatest importance in modern socie- 
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ties. Widespread public understanding of the nature of scientific 
endeavor is essential for a healthy society. The science teacher, wher- 
ever he may work in the educational enterprise, is in a strategic 
position to further this understanding, provided he possesses it him- 
self. 

The teachers indicated in their responses a rather optimistic view 
on the value of the scientific approach to the solution of social and 
personal problems. Paradoxically, about one half of the teachers felt 
that science cannot aid in the selection among possible values. On 
responses to statements pertaining to the impact of science on society 
and vice versa, the great majority of teachers felt that man’s religious 
doctrines should not be revised in the light of new scientific findings 
and that the use of scientific evidence to justify religious, economic, 
and political dogmas was not harmful to the development of social 
institutions. About one half thought that the socio-political atmos- 
phere of the United States was not hostile to the development of 
scientific talent. Almost all the teachers rejected the assertion that 
scientists should conform to social pressures. On the other hand, the 
teachers thought that scientists should work for public understanding 
of their efforts and that they should be concerned about the social 
effects of the discoveries they have made. 

The responses of the teachers to the selected statements summar- 
ized above suggested to this investigator the need to provide in the 
training programs for science teachers studies in the sociology of 
science. These studies should deal as directly as possible with such 
problems as the status of scientists in our society, the need for au- 
tonomy in the scientific enterprise, and the influence of society on 
science and vice versa. Also, the work required of prospective science 
teachers in the social studies should be reorganized so as to include a 
considerable emphasis on science as a social institution and on the 
social impact of science and technology, particularly their influence on 
religious, economic, and political institutions. 

The analysis of the responses of the teachers to statements pertain- 
ing to the teaching of science revealed some interesting problems of 
importance in the training of science teachers. Almost 40% of the 
teachers agreed or were neutral on the proposition that high school 
science should be taught in terms of strict cause and effect relations. 
Only about one third of the teachers agreed that a teacher who finds it 
impossible to accept evolutionary theory is not qualified to teach high 
school biology. 

In view of these and similar responses it seems reasonable to suggest 
that all prospective science teachers should have ample opportunity 
to study modern aspects of science, including the most recent develop- 
ments in theory or conceptual schemes. In addition, time and appro- 
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priate resources should be made available to encourage and help the 
teacher-in-training to explore and examine critically the significance 
of the conceptual schemes or theories which characterize a given 
science. Further, the cultural ramifications of modern scientific theo- 
ries should be explored with teachers, and problems arising from them 
should be thoroughly examined for their significance for teaching. 
Here it would be important to relate studies in the history and phi- 
losophy of science in order that teachers could have an opportunity to 
think about such issues as are implied in the two statements men- 
tioned above in a proper philosophical and historical context. 

The responses of the teachers to the statement on educational 
classroom research clearly indicate a desire on their part to carry on 
research activities pertinent to their work as teachers. This is a very 
important point, for it is believed that science education would be 
greatly improved if more teachers were able to test new ideas and 
new programs in their own classroom situations in an organized and 
systematic fashion. Prospective science teachers should have an 
opportunity to acquire the skills, knowledge and insight needed to 
carry on small-scale research with small groups in an action situation. 


FURTHER STUDIES NEEDED 


There can be no question that the science teacher has a pivotal role 
as an interpreter and clarifier in his teaching field, particularly with 
reference to science as an intellectual activity and its influence on 
other intellectual endeavor. Further, it is highly likely that the per- 
sonality of the teacher has a fundamental bearing on his effectiveness 
as a teacher, for it is clear that the science teacher’s outlook on life in 
general may or may not be compatible with the scientific outlook. 
There is no doubt that social forces outside the scientific enterprise 
influence the science teacher’s attitude toward science and science 
teaching, as do the standard science courses he is required to take in 
his training program. We know very little about these influences and 
their subsequent effects and yet it seems reasonable to suggest that 
such data are essential to the rational planning of training programs 
for science teachers. 

The modern science teacher needs much more knowledge than his 
predecessor, but he must have more than knowledge of science con- 
tent. Knowing a great deal about science is no guarantee that he will 
know what science is about. Prevailing concepts of the competent sci- 
ence teacher need to be reexamined and tested against the realities of 
on-going teaching situations. To do this intelligently and systemati- 
cally, studies and investigations such as are implied here will be surely 
needed. 
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Horizons of Knowledge of the Cell* 


Wayne E. Magee 
Biochemistry Research, The Upjohn Company, Kalamazoo, Michigan 


I would like to trace some of our present day concepts of the struc- 
ture and function of parts of the cell and what we may hope to see 
emerge in this field of research in the near future. Most of these ob- 
servations will concern animal cells, partly because they are larger 
and have a more complex morphology than bacterial cells, and also 
because they are better studied than most other forms. 

Figure 1 shows some of the structural components found in most 
cell types which have been studied. These structures were hinted at 
by light microscopy toward the end of the 19th century but most of 
these, the mitochondria, the Golgi apparatus, the centromere were at 
the very limit of visibility. Most cytologists distrusted these observa- 
tions and the view came about that the cytoplasm, in particular, was 
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Fic. 1. Diagrammatic representation of intracellular components found 
in most animal cells. 


* Adapted from a lecture given before the 60th Annual Convention of the Central Association of Science and 
Mathematics Teachers, November, 1960. 
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a colloidal, but structureless area. The cell could be thought of as a 
bag of enzymes, and the task of the biochemist clearly was to isolate 
each enzyme and thus obtain a complete answer to the mechanism of 
the reactions involved in utilizing food stuffs and building new cellu- 
lar material. 

After the war, a new tool emerged for ultramicroscopy; the electron 
microscope. In the last 10 years, and particularly in the last 5 years, 
extensive studies have been made of very thin sections of cells fixed 
and stained by various means (Novikoff, 1956). Favorite methods 
have been treatment of the tissue with osmium salts and shadowing 
with gold to make parts of the cell more visible by rendering them 
opaque to the electron beam. What has emerged is that the cytoplasm 
is full of highly organized structures (Figure 2) in the form of mem- 
branous materials which provide vast surfaces on which reactions 


Fic. 2. Electron micrograph of a thin section of a pancreatic cell of the guinea 
pig. Notice the regular array of membranes of the endoplasmic reticulum and 
the sectioned mitochondria showing inner membranes. The nuclear membrane is 
clearly visible. Reprinted by permission of G. E. Palade, the Rockefeller Insti- 
tute, and J. Biochem. Biophys. Cytolol. (Vol. 2, supplement p. 85, 1956). 
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Fic. 3. The separation of intracellular components by centrifugation. 


may take place (see Oberling, 1959). Hand in hand with these studies 
on the morphology of cellular structures has gone the work of the 
biochemist who has been able to isolate these same structures, or 
pieces of them, by the use of the ultracentrifuge. Figure 3 shows the 
principle of such a separation as worked out by Claud (1943) and 
later used by Hogeboom, Schneider and many others. The cells are 
broken by grinding, or some other suitable means, in a sucrose solu- 
tion and then centrifuged over a density gradient of sucrose or at 
different centrifugal speeds. Each group of cellular organelles seeks 
its own density in the tube and at the end of the centrifugation period 
can be isolated for study in more or less pure form. 

The first unit of importance and the best studied is the mito- 
chondrion, which is found in all cells which have a citric acid cycle 
for the oxidation of foodstuffs. It is the energy-producing factory of 
the cell and synthesizes high energy phosphate compounds, in par- 
ticular, adenosine triphosphate (ATP) for use in the synthetic reac- 
tions of the cell. Figure 4 shows a model of the structure of a mito- 
chondrion. Notice the inner membranous partitions or cristae which 
are continuous with the double outer membrane shown here and in 
Figures 2 and 5. Oxidation of pyruvic acid to CO, and water involves 
a number of distinct and specific enzymic proteins (Lehninger, 1960). 
These enzymes are now believed to be located on the inner partitions 
of the mitochondria and arranged in specific order and spacing for 
proper interaction. Systems for the capture of the energy released 
from these oxidations (in the form of transferred electrons) are also 
located here in what appear to be well defined bundles held together 
by lipid containing proteins (Green, 1959). 

Mitochondria do not all have the same shape. Those from some 
cells are rounded and in others the cristae appear to form tubules 
rather than partitions (e.g., the adrenal gland). A number of interest- 
ing changes occur in the mitochondria in various pathological con- 
ditions. For instance, starved animals show mitochondria with 
cloudy swelling (see Rouiller, 1960); in this condition the mitochon- 
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dria take on water and the membranes inside the structures finally 
disappear. Mitochondria from cancer cells often appear different 
from those of normal cells and may be present in fewer numbers. An 
interesting case of association between lipid granules and the mito- 
chondria has been shown by Palade (1959) in the pancreas of fasted 
guinea pigs. Mitochondria appeared in close contact with the lipid 
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Fic. 5. Electron micrograph of a thin section of a pancreatic cell of the guinea 
pig showing the inner structure of the mitochondria. (Courtesy of Dr. G. E. 
Palade, The Rockefeller Institute.) 


and in some cases were wrapped around the lipid inclusion. During 
the fast, fat is mobilized from body stores, moves through the blood 
stream, enters the cells and becomes associated with the mitochondria 
which utilize the fat in this lipid droplet for energy in the absence of 
the usual carbohydrate foods. 

Very little is known about how new mitochondria are formed dur- 
ing cell growth but numerous smaller bodies are seen in the cell 
which may be developing forms of additional mitochondria. 

Other smaller, round bodies are also observed in certain cells and 
have been given the name lysozomes by DeDuve (1959) who has 
shown that these granules are found in the liver and contain a num- 
ber of enzymes useful in breaking down nucleic acids and proteins. 
These particles really do appear to be bundles of enzymes waiting 
and ready when they are needed. They are isolated from the rest of 
the cell by their own membrane which may also protect the mother 
cell from their action. It may be that these activities are used to dis- 
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! Reprinted from the Scope monograph “The Cell,” The Upjohn Company. This 48-page monograph on 
cytology will be sent to science instructors who request it on their school letterhead from The Upjohn Company, 
Department 914, Kalamazoo, Michigan. 
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solve particles of food brought into the cell or that they are expelled 
from the cell for use as are similar granules of the pancreas known 
as the zymogen granules. 

Of major importance to the cell, and now the subject of intense 
research, are the membranous structures in the cytoplasm known as 
the endoplasmic reticulum or ergastoplasm (see Palade, 1956). These 
appear to consist of canals, vesicles or membranes in the cell and were 
shown by Palade to contain granules very rich in ribonucleic acid 
(RNA). Figure 6 shows a model of this system depicting possible 
interconnections between layers. Figure 7 shows a high magnification 
of a thin section through these structures. The form of these mem- 
branes is very characteristic of the type of cell in which they are 
found. The ribonucleoprotein granules now are thought to be the 
chief site of the synthesis of new protein in the cell. When cells are 
homogenized and centrifuged the membranous structure of the endo- 


Fic. 7. Electron micrograph of a thin section of a pancreatic cell of the rat 
showing the ribonucleoprotein particles of the endoplasmic reticulum (courtesy 
of Dr. G. E. Palade). 
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plasmic reticulum is not retained and instead small particles with 
pieces of attached membranes are isolated and have been given the 
name microsomes. The microsomes have been shown to incorporate 
radioactive amino acids into proteins, provided these amino acids 
were first activated by combining with a special molecule of soluble 
RNA with the help of the ATP made in the mitochondria. This is 
shown diagrammatically in Figure 8. When all of the proper units are 
available, the complete protein may be formed on a ribonucleopro- 
tein (RNP) template located in the microsome (see Cohen and Gros, 
1960). 

The origin of the endoplasmic reticulum itself is an interesting 
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Fic. 8. Schematic representation of the steps involved in synthesis of protein 
on a microsomal template. The spirals represent RNA. 


problem as is the origin of both the particulate and the soluble RNA 
of the cytoplasm. Much recent research points to the nucleus of the 
cell as the site of origin, and indeed certain studies with radioactive 
isotopes, as well as the electron micrographs, indicate a transfer of 

RNA from the nucleus to the cytoplasm. Some pictures seem to show 

filaments protruding from pores in the nuclear membrane out into 

the cytoplasm and some nuclear membranes have a great many pores 
- in their surface. 

It has been known for some time that the genetic characters of the 
cell reside in genes and chromosomes located within the cell nucleus, 
and it has recently been proved that these genetic characters are 
coded in the deoxyribonucleic acids (DNA). As may be noticed in 
some of the preceding figures, the components of the nucleus are not 
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brought out well by the electron microscope. At the time of cell 
division the nuclear membrane disappears and the chromosomes 
condense until they can be seen by the light microscope with proper 
staining. Each duplicated chromosome splits into two daughter 
chromosomes, with a complete genetic complement going to each new 
cell. The exact biochemical mechanism for the duplication of de- 
oxyribonucleic acid as well as the other components of the chromo- 
some is one of the most fascinating studies for the biochemist, since 
at this level we are very close to studying the process of life itself. 
As you may recall, Drs. Kornberg and Ochoa last year shared the 
Nobel Prize in Medicine for their outstanding work on the biosyn- 
thesis of the nucleic acids in bacteria. 

Somehow the genetic information of the DNA must be utilized by 
the cell as it carries out specific functions characteristic of that par- 
ticular cell. Exactly how this takes place is unknown. One theory 
supposes that RNA molecules are synthesized using the genetic DNA 
as a template. This new RNA may accumulate in the nucleoli which 
are known to contain large amounts of this nucleic acid. This then 
might be the area of synthesis of the endoplasmic reticulum into 
which the ribonucleic acid would be incorporated. This process has 
been studied by the use of radioactive materials and by the use of 
very ingenious methods. Compounds which are part of DNA, for in- 
stance thymidine, can be made radioactive and fed to cells in tissue 
culture. These cells are then covered over with photographic emul- 
sion which will record the radioactive disintegrations which reach it 
as black spots in the film. Much use is being made of this method to 
study chromosome duplication (Taylor, 1960). We have used such a 
system to study the multiplication of vaccinia virus in animal cells 
grown in tissue culture (Magee, 1960). For this study we have used a 
strain of human cells (known as HeLa cells) which have been grown 
in continuous culture in test tubes and bottles in the laboratory since 
1951 when they were isolated from a human cervical cancer by Gey 
(1952). Vaccinia virus is the vaccine virus used to immunize against 
smallpox, and is the causative agent for cowpox in animals. It is a 
large virus containing DNA. The virus matures in the cytoplasm and 
thus DNA appears there. This never occurs in the non-infected cell 
where DNA is restricted to the nucleus. Figure 9 shows this sequence 
clearly. The radioactivity from thymidine was incorporated into ° 
DNA of the nucleus in the control cells, but occurred in bunches or 
inclusions in the cytoplasm if added after the cells were infected with 
vaccinia virus. Later the radioactivity appeared throughout the cell 
as the virus matured and left the inclusion area. Lately we have ob- 
served peculiar inclusion forms in the nucleus very soon after infec- 
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Fic. 9. The localization of thymidine-H® in the DNA of HeLa cells infected 
with vaccinia virus. 
a. Control cells. Note localization of silver grains over the nucleus (n) indi- 
cating the intracellular localization of radioactive DNA. 
b. The cells were given thymidine-H?® soon after being infected with vaccinia 
virus. The radioactivity is now localized over new synthetic sites in the cyto- 
lasm (c). 
¢ c. Similar cells as in (b) but observed later. The radioactivity spreads all 
through the cytoplasm as the virus matures. 


a 
> 
a* q 
: 
4 
By 
2 
i 
a nal 


218 School Science and Mathem= tics 


tion so that now we must speculate as to what role the nucleus itself 
plays in the infection and whether the cytoplasmic viral DNA is 
made in the cytoplasm or whether it is localized there after being 
made in the nucleus. Our ultimate goal in this study is to try to dis- 
cover how and why the virus is able to “take over” the cellular 
metabolism and divert it into producing more virus at the expense 
of and, finally, the death of the cell. 

There is one other cytoplasmic structure which has been known for 
a long time because it can be readily seen by special staining with 
silver salts. This is the Golgi apparatus (Figure 10). We have no more 
than hints as to what its true function is in the cell. The Golgi zone 
usually consists of a group of smooth membranes and vesicles and is 
present in nearly all cells. These membranes do not have ribonu- 
cleoprotein particles as do those of the endoplasmic reticulum. The 
membranes are most likely concerned with excretion and transport 
of particles in and out of the cell. Schneider and Kuff (1954) recently 
have been able to isolate these membranes by much the same meth- 
ods used to isolate mitochondria or microsomes and are now studying 
the composition (high in phospholipid) and enzymic make-up (high 
in acid phosphatase) of the membranes. 


Fic. 10. A model representing the Golgi membranes." 


See footnote, p. 213. 
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Fic. 11. The function of the pancreas in digestion. After a meal the zymogen 
granules are discharged into ducts leading to the small intestine. These granules 
contain hydrolytic enzymes which become activated and are used to digest the 
food in the small intestine. 


I would like now to attempt to integrate much that I have been 


talking about by taking a concrete example from the recent literature 
of experiments conducted by Siekevitz and Palade (1960) which 
were concerned with the synthesis of compounds by the pancreas. 
Figure 11 depicts the function of the pancreas in digestion. En- 
zymes necessary for the breakdown of foodstuffs are synthesized in 
the pancreas and soon after a meal are discharged into the small in- 
testine through special ducts. Siekevitz and Palade have studied 
this process in detail and have selected this system to study the in- 
terrelationship of structure and activity on an ultra-micro scale. 
During a fast, the guinea pig builds up large numbers of zymogen 
granules containing these digestive enzymes. Soon after the animal 
is fed, these granules are discharged and a new cycle of enzyme syn- 
thesis begins. These workers chose this point to inject the animals 
with a radioactive amino acid. Within minutes this amino acid was 
being used to make new protein. Figure 12 illustrates the postulated 
series of steps which take place. The new protein is synthesized on 
the ribonucleoprotein particles of the cytoplasmic reticulum as 
diagrammed in Figure 8. The protein then detaches from the particle 
(release) and collects in the spaces between the membranes and 
condenses there in the form of dense, intercisternal particles. To do 
this it may even move across the membrane itself, and this, in fact, 
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Fic. 12. A possible sequence of events in the synthesis of new protein 
enzymes by the exocrine cells of the pancreas. 


may be a necessary part of the mechanism to condense these proteins 
into particles. These steps were proved in a very elegant way. The 
subcellular particles were isolated by centrifugation. You will recall 
that under these conditions the membranes of the endoplasmic retic- 
ulum break up into pieces. These were further separated into the 
RNP particles themselves and the membranous structures that hold 
them. Both fractions were isolated and purified. The RNP-particles 
were further broken down into two fractions. Mitochondria were iso- 
lated as was the final supernatant fraction. Then a pure enzyme pro- 
tein was isolated from each and every one of these fractions—one of 
the enzymes which finally appears in the zymogen granule and is ex- 
creted into the intestine (chymotrypsinogen). Siekevitz and Palade 
found that within one minute after injection of a radioactive amino 
acid the very highest radioactivity incorporated into chymotrypsino- 
gen appeared not in the intercisternal particles or the zymogen 
granules but in the RNP-particles of the reticulum. In other words, 
they caught these proteins as they were synthesized on their tem- 
plates. Fifteen minutes after injection the intercisternal granules 
contained the most radioactive chymotrypsinogen, and by 45 minutes 
the chymotrypsinogen of, zymogen granules had the most radio- 
activity. 

Part of the theory as to how this intracellular process takes place 
involves the participation of the Golgi membranes. In some way, the 
newly-formed enzyme particles must move through the channels of 
the endoplasmic reticulum and finally collect in the membranes of 
the Golgi zone. Then the particles fuse and become larger and finally 
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acquire a membrane of their own. The next problem is to get these 
zymogen granules out of the cell and on their way to the small intes- 
tine. One theory is that the membrane of the granule fuses and be- 
comes continuous with the membrane of the cell and the material is 
expelled through an opening thus formed. Such an idea is very dif- 
ficult to prove, however. 

We have been discussing rather specialized cells which turn out 
large quantities of digestive enzymes. What about the cells from 
other specialized tissues: the liver, muscle, the kidney with its amaz- 
ing filtering properties, the hormone-secreting glands, and all the 
others? Even the tissue-cultured cells are specialized in at least one 
sense; their ability to grow and divide at the same rate forever. It 
would be possible to examine the known facts about each of these 
tissues in turn, except this is net altogether necessary for our pur- 
pose, since most of the cells of these tissues have the same functioning 
elements only modified to suit the situation. Recent data even seem 
to indicate that the blood capillaries transport materials from the 
blood to the tissue across the capillary cell by means of small vesicles 
by a process not unlike the discharge of a zymogen granule by the 
pancreatic cells. 

What can we expect in the future? I have tried to imply that the 
newest developments in the knowledge of the cell are really con- 
cerned with the amazing morphological complexity that is becoming 
more apparent every day. The cell is terrifically organized even in 
areas which a few years ago appeared to contain only translucent gels. 
Much immediate effort certainly must go into delving further into 
how the cell is organized on a molecular level. How are enzymes 
arranged in the interior of the mitochondria and how are they re- 
produced in this order? The various steps in electron transport in the 
mitochondria are being investigated very actively since the whole 
question of how energy is transferred and stored is involved. Dr. 
David Green and his coworkers at the University of Wisconsin are 
attempting to take the system apart in the mitochondria and study 
it step by step. It is already apparent that the enzymes are embedded 
in a lipid-protein material so that the electron transfer takes place in 
a very special environment. 

The time also has come when we can begin to put the cell back to- 
gether reaction by reaction. This study of a new “cellular physiology”’ 
on a biochemical level will continue for many years to come. The cell 
is ever changing in its composition and its activities according to 
what phase of its growth cycle it is in. The delicate control and coun- 
ter balance mechanisms that must be brought into play are only just 
beginning to be investigated. Certainly our medical problems will be 
solved with increasing frequency as we learn more about the funda- 
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mentals of cellular knowledge. What could be more exciting than 
participating in the research and teaching in this area in the coming 
years? 
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TB CAN BE ELIMINATED THROUGH CHEMOTHERAPY 


Tuberculosis can be eliminated in the United States through drug treatment. 

Dr. Edward T. Blomquist, chief of the tuberculosis branch, division of 
special health services, U. S. Public Health Service, today called for coordina- 
tion between public health agencies and communities to stamp out TB. 

Eradication of tuberculosis means killing the tubercle bacilli in persons now 
suffering from the active disease and in those who previously had TB and were 
inadequately treated. The proper dosage of appropriate drugs, such as isoniazid, 
over a period of time will make it impossible to communicate the disease to 
others and will lessen the possibility of recurrence in the patient. 


| 
| 
| 


BY-LAWS 


Central Association of Science and Mathematics Teachers 
As of November 26, 1960 


ARTICLE I. MEMBERS 


SECTION I. QUALIFICATIONS: Any teacher or other person interested in 
any aspect of the teaching of science or mathematics shall be eligible for member- 
ship in this Association. 


SECTION II. ELECTION: A qualified person becomes a member upon sub- 
mitting a completed application blank and payment of dues. 


SECTION III. TERMINATION OF MEMBERSHIP: The membership of 
any member of the Association shall be automatically terminated for any de- 
linquency of dues, or other charges owing to the Association. During the first 
six months of such delinquency the person may upon request and payment of 
back dues be restored to membership without losing continuity of membership. 
Any member of the Association may be expelled for any reason deemed sufficient 
by the Board of Directors by a two-thirds affirmative vote of all those present at 
any meeting of the Board of Directors, or by a two-thirds affirmative vote of all 
the members present at any meeting of the Association. But no vote of expulsion 
may be taken unless written notice shall have been given not less than thirty 
days prior to the date for said meeting to the member proposed to be expelled, 
which said notice shall advise said member of the time and place of said meeting. 
and the reasons for which expulsion is proposed. Like notice shall be given to 
all other members of the Association. It shall be the privilege of the member 
proposed to be expelled to appear and be heard by the members of the meeting 
at which a vote is to be taken on the question of expulsion. 


SECTION IV. DUES: The annual dues of each member of the Association shall 
be set by the Board of Directors and will be payable in advance. The annual dues 
shall entitle the member to receipt of the Journal. 


SECTION V. VOTING: Each member of the Association shall be entitled to 
one vote. 


SECTION VI. HONORARY MEMBERS: Proposals for honorary members of 
the Association may be presented by any member of the Association to the 
Board of Directors, the name of the proposed honorary member shall then be 
submitted to the members of the Association at any meeting and, upon the af- 
firmative vote of two-thirds of the members present at any such meeting shall 
be elected to honorary membership in the Association. 

Honorary members shall be entitled to all privileges of regular members of the 
Association, but shall not be required to pay any dues to the Association. 


ARTICLE II. MEETINGS 


SECTION I. TIME OF MEETING: (a) ANNUAL MEETINGS: The annual 
business meeting shall be held on the second day of the annual convention as 
set by the Board of Directors. 

(6) SPECIAL MEETINGS: Special meetings shall be held at such times as the 
Board of Directors in its descretion may determine. 


SECTION II. PLACE OF MEETINGS: The annual and special meetings shall 
be held at Chicago, Illinois, or such other place as may be fixed from time to 
time by the Board of Directors. 


SECTION III. QUORUM: Twenty-five members present at any regular meet- 
ing shall constitute a quorum. 
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SECTION IV. ORDER OF BUSINESS: The order of business shall be deter- 
mined as follows: (a) Roll call. (b) Reading of minutes. (c) Reports. (d) Commu- 
nications. (e) Unfinished business. ({) New business. 


SECTION V. RULES: All questions of procedure shall be determined by 
“‘Robert’s Rules of Order Revised.” 


SECTION VI. MAJORITY VOTE: A majority vote of all votes cast shall bind 
the corporation unless herein, or by the laws of Illinois, otherwise provided. 


SECTION VII. NOTICE OF MEETINGS: No notice shall be required for 
meetings whose time of meeting is fixed in those By-Laws. Written notice of the 
time and place of all special meetings shall be sent to each member of the Asso- 
ciation, said notice to be deposited in the United States mail not later than ten 
days before the date of special meeting. Each member shall furnish the Secretary 
with the address to which notice of the meetings shall be sent. 


ARTICLE III. OFFICERS 

SECTION I. OFFICERS: The officers of this Association shall be a President, 
a Vice-President, a Secretary and Historian, a Treasurer and Business Manager, 
an Editor of the Journal. One or more Assistant Secretaries, Assistant Editors, 
and Assistant Treasurers may be appointed by the Board of Directors. 


SECTION II. QUALIFICATIONS: Nominees for the Offices of President and 
Vice-President must have been officers and/or members of the Board of Directors 
within the past five years. 


SECTION III. ELECTION, TENURE OF OFFICE, COMPENSATION: 
(a) The President and Vice-President shall be elected by the members of the 
Association through a majority of the votes cast by the members of the Associa- 
tion and shall serve for a term of one year or until their successors are elected. 
The Treasurer and Business Manager, Editor of the Journal, Secretary and 
Historian shall be appointed for a term of three years by the Board of Directors 
at a meeting to be held following the annual meeting of the Association, or at 
the Spring meeting of the Board of Directors. The Secretary and Historian shall 
take office immediately following appointment. The Treasurer and Business 
Manager, and Editor of the Journal shall take office at the beginning of the 
fiscal year following their appointment. They may be reappointed. The com- 
pensation of the officers, if any, shall be fixed by the Board of Directors. 

(b) The election of officers of the Association shail be by mail ballot to be held 
each year during the four weeks closing at 12 midnight of the date one week 
prior to the annual meeting. Official ballots, accompanied by professional biogra- 
phies of all nominees and pictures of the nominee for President and Vice-President 
shall be mailed to the members at least five weeks prior to the date set for the an- 
nual meeting. Ballots, when properly marked, shall be returned to the Secretary 
of the Association to be held under seal until the time for the official count. In 
the event of close votes the Board of Directors may exercise the privilege of call- 
ing for a recount, and, in the event of a tie vote, it shall assume the responsibility 
of determining the procedure for selection of the candidate to be declared elected. 


SECTION IV. POWERS AND DUTIES OF OFFICERS: 

(a) PRESIDENT: The President shall preside at all general meetings of the 
Association and shall perform the usual duties of his office. He shall be Chair- 
man of the Board of Directors and Chairman of the Executive Committee, and 
shall perform the usual duties of those offices. 

(b) VICE-PRESIDENT; He shall act for the President in the latter’s absence. 
He shall serve as a member of the Executive Committee and shall act as Chair- 
man of the Program Committee. 

SECRETARY AND HISTORIAN: The Secretary and Historian shall keep all 
records and minutes of all meetings; shall prepare and submit a complete report 
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of the Annual meeting to the Editor of the Journal by December 31st following 
the meeting: and shall be charged with the responsibility of collecting and pre- 
serving the historical documents of the Association. 

(d) TREASURER AND BUSINESS MANAGER: The Treasurer and Busi- 
ness Manager shall collect all dues and hold all moneys and keep a record of all 
receipts and disbursements. He shall give a report at the annual meeting of the 
Association. He shall pay out funds on the order of the Board of Directors and 
the Executive Committee. 

(e) EDITOR OF THE JOURNAL: The Editor of the Journal shall be responsi- 
ble for the Journal, in all phases except business management. 

(f) FISCAL YEAR: The fiscal year shall be from July first to June thirtieth. 
SECTION V. NOMINATIONS: Nominations for officers shall be made by the 
Nominating Committee appointed by the Executive Committee. 


ARTICLE IV. BOARD OF DIRECTORS 
SECTION I. QUALIFICATIONS: All directors shall be members of the 


Association. 


SECTION II. NUMBER: There shall be fifteen (15) members of the Board of 
Directors. The president, Vice-President, the President of the preceding year, 
shall be members of the Board of Directors. The remaining members of the Board 
of Directors shall be divided into three groups of four (4) directors each. Four 
directors shall be elected annually to succeed those of the group whose terms are 
about to expire. 


SECTION III. NOMINATIONS: Nominations for directors shall be made by 
the Nominating Committee appointed by the Executive Committee. 


SECTION IV. ELECTION, TENURE OF OFFICE AND COMPENSATION: 
Directors shall be elected by the members of the Association by a plurality of 
the votes cast by the members of the Association. The four nominees receiving 
the largest number of votes cast in the annual election as described in Section 
III (b) of Article ITI shall be declared elected to the Board of Directors. In case 
of a tie the decision shall be made by lot under the supervision of the Chairman 
of the Nominating Committee and the Secretary of the Association. They shall 
assume the duties of their office immediately preceding the adjournment of the 
annual meeting and shall serve for a period of three years or until their successors 
are elected. They shall serve without compensation, except that they may be 
allowed a reasonable compensation for travelling, and necessary expenses in- 
curred by them in the discharge of their official duties. Vacancies in the Board of 
Directors or list of officers shall be filled by the Board of Directors. A director 
so chosen shall serve for the remainder of the unexpired term, when nomination 
and election shall take place as provided above. 


SECTION V. TIME AND PLACE OF MEETINGS: Meetings of the Board 
of Directors shall be held immediately preceding the annual meeting of the 
Association and at such other times and places as may be determined by the 
President or the Executive Committee of the Association. 
SECTION VI. QUORUM: Five members of the Board of Directors shall con- 
stitute a quorum. 


SECTION VIT. ORDER OF BUSINESS AND RULES: The order of business 
and rules shall be the same as those governing the general meetings of the 
Association. 
SECTION VIII. POWERS AND DUTIES: The Board of Directors shall (1), 
have general supervision of the activities of the Association; (2), authorize the 
expenditure of funds; (3), fix the salary and bonds of the officers; (4), fill 
vacancies, 
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ARTICLE V. EXECUTIVE COMMITTEE AMD OTHER COMMITTEES 


SECTION I. EXECUTIVE COMMITTEE: 

(a) MEMBERS: Members of the Executive Committee shall consist of the 
President, the Vice-President, and the immediate past president, and shall serve 
for one year or until their successors have been elected. 

(b) MEETINGS: Meetings of the Executive Committee shall be held from time 
to time and at such place as the Committee may designate. 

(c) QUORUM: Two members shall constitute a quorum. 

(d) POWERS AND DUTIES: The Executive Committee shall have direct 
charge of the work of the Association subject to the supervision of the Board of 
Directors. 


SECTION II. NOMINATING COMMITTEE 
(a) Promptly following the Annual meeting of the Association, the Executive 
Committee shall appoint a committee of five (5) to be known as the NOMI- 
NATING COMMITTEE; 

(b) The membership of this Committee shall be so selected as to present a 
balanced representation of the Association according to sectional, geographical, 
and level-of-teaching areas distribution; 

(c) The Chairman of the Committee shall be designated from this group by the 
Executive Committee; 

(d) The term of service on the Committee shall be one year; 

(e) The Committee shall nominate two candidates for the office of President and 
two candidates for the office of Vice-President, and twice as many candidates as 
there are positions to be filled on the Board of Directors. 

(f) All nominees must be members of the Association, currently in good standing 
and. properly qualified according to the By-Laws; 

(g) The Chairman shall provide for mailing the membership necessary pictures 
and professional biographies of the nominees; 

(h) The Chairman of the Committee and the Secretary of the Association shall 
have the joint responsibility of making the official count of all votes cast in the 
Annual election. They shall provide the President of the Association prior to the 
time of the annual meeting of the Board of Directors, with a report, over their 
signatures of the results of the official count. 


SECTION III. JOURNAL COMMITTEE: 

(a) MEMBERS: The Journal Committee shall consist of five (5) members. 
Nominations to membership on the Journal Committee shall be made by the 
Executive Committee of the Association. 

(b) POWERS AND DUTIES OF THE JOURNAL COMMITTEE: The 
Journal Committee shall have general direction of the management and policies 
of the Journal of the Association, subject at all times to the approval and super- 
vision of the Executive Committee and the Board of Directors of the Associa- 
tion, 

(c) TENURE OF OFFICE: Membership in the Journal Committee shall be 
at the pleasure of the Executive Committee and the Board of Directors of the 
Association. 


SECTION IV. PROFESSIONAL SECTIONS AND GROUPS: The Associa- 
tion may be organized into sections and groups. The organization and activities 
of the sections or groups shall be determined from time to time by the Board of 
Directors. Unless otherwise provided by the Board of Directors each section 
or group shall elect its own Chairman, Vice-Chairman, and Secretary. 


SECTION V. PROGRAM COMMITTEE: The Program Committee shall con- 
sist of the chairmen of all sections, the Vice-President, and other such members as 
the President may appoint. The Vice-President shall act as chairman of the 
committee. The Program Committee shall prepare and have charge of the pro- 
gram of the annual meeting of the Association. 
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SECTION VI. MEMBERSHIP COMMITTEE: Membership Committee 
and others may be appointed from time to time by the President of the Associa- 
tion. 


SECTION VII. THE POLICY AND RESOLUTIONS COMMITTEE: The 
Policy and Resolutions Committee shall consist of six (6) members. Each mem- 
ber shall serve three years. Two members shall be chosen annually by the Presi- 
dent to replace the two whose terms are about to expire. One of those chosen 
annually must be from the Board of Directors. The President will annually 
designate the chairman of this committee. The Chairman so selected shall have 
been a member of the committee for at least one year. 


ARTICLE VI AMENDMENTS 


The By-Laws may be amended by two-thirds (2/3) vote of the regular mem- 
bers present at any regular meeting of the Association, or at any special meeting 
of the Association called for the purpose of voting on such amendment, provided 
the proposed amendment has been published in two successive issues of School 
Science and Mathematics. 


Central Association of Science and Mathematics Teachers 
REPORT OF THE SIXTIETH CONVENTION 
NOVEMBER 24-26, 1960, STATLER Hitton Detroit, MiIcHIGAN 


I. BOARD OF DIRECTORS MEETING 
THURSDAY, NOVEMBER 24, 1960, 4:00 P.m., PARLOR C 


Roll Call 

Officers: Otto, Conrey, Shetler, Kennedy 

Directors: Ambrosia, Grubbs, Hach, Hill, Sistler, Woline, Wood 

Policy and Resolution Committee Chairman: Read 

General Coordinator for the Convention: Hovespian 

Minutes of 1960 Spring Board Meeting: Read and approved. 

Report of Nominating Committee: The successful candidates elected in the re- 
cent election are: 


President: Cecil B. Read V. Pres.: Alice M. Hatch 
Directors: Carl W. Clader, M. Wiles Keller, T. Reginald Porter, Joseph J. 
Urbancek 


Hach moved that a request for suggestions for nominations be included in 
the Journal. Motion seconded and carried. 

The report of the Nominating Committee was received. 

Report of Place of Meeting Committee: Woline reported that the 1961 Conven- 
tion would be held in Chicago. The role of this committee had not been fully 
clarified in the reorganization of the Association offices at the 1960 Spring Board 
Meeting. Hach moved that the Place of Meeting Committee be continued as a 
matter of Board policy and that the Secretary be an Ex-Officio member. This 
Committee is to encourage and receive invitations and report these to the Board. 
Motion seconded and carried. 

Report of Program Commitiee: Otto thanked Conrey for his work during the 
past year. Grubbs moved that the question of convention expense budgeting 
be referred to the Policy and Resolutions Committee for a report at the Spring 
Board Meeting. Motion seconded and carried. Program Committee report re- 
ceived with thanks. 

Hach moved that the Secretary-Historian and Treasurer-Business Manager 
continue to study the reorganization of their offices and report to the Board be- 
fore the Spring Board Meeting. Motion seconded and carried. 
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Report of General Coordinator of the Convention: Hovespian reported briefly 
on the work of his committee. He said that having some available expense allow- 
ance would be helpful. He suggested that we consider increasing our registration 
lee, 

Sistler suggested that a continuing file on each local committee be kept. The 
report was received with thanks. 

Report of Treasurer and Business Manager: Soliday’s report had been mailed 
to the Directors before the Convention. This report showed that the fiscal year 
ending, June 30, 1960 was profitable financially. Details of the transfer of office 
responsibilities, records, and equipment from Oak Park to Bluffton and Terre 
Huate were included. 

Shetler also reported to the Board. He expressed his appreciation for the help 
of the Solidays in transferring the office. Shetler commented that we have a 
problem of making best use of our surplus funds. These reports were received 
with thanks. 

Report of Secretary-Historian: This report discussed problems of establishing 
a new office, activities of the Secretary since June, and some future plans. 
Report received. 

Report of Yearbook Ediior: Shetler will retain this work as Treasurer and 
Business Manager. He reported that 9400 Yearbooks had been printed, that we 
had fifty-one advertisers and exhibitors, and that the Yearbook showed a profil 
of $350. His report was received with thanks. 

Report of Membership Committee: Porter’s report showed that our membership 
remained constant despite an increase in dues. He described various activities o! 
this committee. Since the work of this committee is similar to that now assigned 
to the Secretary, the Board felt that the Secretary should chair the Membership 
Committee. The report was received. 

Grubbs moved that emeritus membership be granted to Enoch Burton. Motion 
seconded and carried. 

Hach moved that the Board approve the action taken by the Soliday Tribute 
Committee in recognizing the retirement of the Ray Solidays, the Treasurer and 
Business Manager. Seconded and carried. 

Meeting adjoured at 6:55. 


Il. ANNUAL BUSINESS MEETING 
FripAy, NOVEMBER 25, 1960, 7:30 p.m., BALLROOM 


Meeting called to order by Otto who spike briefly on the Horizons of CASMT. 

Minutes of the 1960 Business Meeting were approved as published in the 
Journal. 

Wilcox, Chairman of the Nominating Committee, announced election results. 

Woline, Chairman of the Place of Meeting Committee, announced that the 
1961 convention is to be held in Chicago. He requested invitations for future 
conventions. 

The Policy and Resolutions Committee had considered questions involving 
By-Laws. They suggested two changes and the Board approved. Both amend- 
ments, as published in October and November, 1960, were approved by those 
Association members present. 

Enoch Burton, Fred Schriever, and E. G. Hexter were presented (in absentia) 
Emeritus Membership Certificates. 

Otto thanked Lawrence Conrey, Paul Hovespian, and others who were in- 
volved in preparing and conducting the convention. He also expressed his 
appreciation of the financial assistance of the Metropolitan Science Club and 
Detroit Teachers of Mathematics Club. 

Meeting adjourned. 


III. BOARD OF DIRECTORS MEETING 
SATURDAY, NOVEMBER 26, 1960, 2:00 p.m., PARLOR C 


Roll Call: 
Officers: Read, Hach, Shetler, Mallinson, Kennedy 
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Directors: Ambrosia, Clader, Coarey, Hill, Keller, Laird, Otto, Porter, 
Urbancek, Vannatta, Woline, Wood. 

Read read letters of resignation from Bullington who had been appointed 
Regional Education Advisor for Science for Southeast Asia by the I.C.A. and 
from Kennedy whose duties as Secretary have been greatly expanded. Resigna- 
tions accepted. 

Hach moved that Conrey and Laird be appointed to fill these vacancies. 
Seconded and carried. 

Mallinson’s report showed that material is available for the next few issues of 
the Journal. A sufficient number of high quality articles is not available for an 
expanded Journal, however. This report included comments on a new feature, 
departmental editor changes, relationship with the publisher, and a necessary 
expansion of office facilities. The report was accepted with thanks. 

The Policy and Resolutions Committee’s report confirmed earlier Board action 
which restricted student members to full time undergraduate students. The 
meeting of this committee prior to the Spring Board Meeting was strongly en- 
couraged. Mallison has recieved requests for copies of microfilmed early is- 
sues. Board urged that a previously approved contract with the Johnson Co. 
be initiated. Report received. 

Discussion of the convention expense budget lead to a motion by Woline that 
an advance payment of $50 be made to the Vice-President for convention 
expense and that this be itemized in the budget. Seconded and carried. Conrey 
reported that total convention expense would be about $650. In response to a 
question on a possible increase in registration fees Woline moved that the Policy 
and Resolutions Committee consider this question and that the Treasurer and 
Business Manager prepare a budget based on present fees and one on increased 
fees. Motion seconded and carried. 

Read announced the appointment of Porter to the Policy and Resolutions 
Committee and the appointment of Ambrosia to this committee. Also, the 
Nominating Committee of Hill (Ch.), Fitch, McCormick, Osborne, and Wil- 
cox. Sistler is chairman of the Place of Meeting Committee and Shorde of the 
Local Arrangements Committee. 

After much discussion Otto asked that the Policy and Resolution Committee 
re-consider and clarify our relationship to A.A.A.S. 

The Board formally thanked President and Vice-President for a fine conven- 
tion. 

Meeting adjourned. 

Respectfully submitted, 
Jor KENNEDY 
Secretary 


CENTRAL ASSOCIATION OF SCIENCE AND 
MATHEMATICS TEACHERS 


An INVITATION 


You are invited to submit a paper on the teaching of mathematics or science 
for possible use in the Short Papers Session of the 1961 CASMT Convention. 
This is an opportunity to share an idea on teaching, tell of your own efforts in 
curriculum revision, or to ask questions of authors and researchers. Your paper 
should be short (5-10 minutes reading time) and in good form. A balanced pro- 
gram will be compiled from papers submitted before June 1. Send all papers to: 

Jor KENNEDY 
Indiana State Teachers College 
Terre Haute, Indiana 


_ 


Problem Department 


Conducted by Margaret F. Willerding 
San Diego State College, San Diego, Calif. 


This depariment aims to provide problems of varying degrees of difficulty which 
will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or proposed problem sent 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The editor of the Department desires to serve her readers by making it interesting 
and helpful to them. Address suggestions and problems to Margaret F. Willerding, 
San Diego State College, San Diego, Calif. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 

1. Solutions should be in typed form, double spaced. 

2. Drawings in India ink should be on a separate page from the solution. 

3. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 

4. In general when several solutions are correct, the one submitted in the 
best form will be used. 


LATE SOLUTIONS 
2739. T. R. Curry, Oyster Bay, N.Y. 
2749. Proposed by G. P. Speck, Virginia, Minn. 


If a spoke of a wheel is initially perpendicular to the horizontal, determine 
the area cut by the spoke as the wheel rolls along the horizontal completing one 
revolution. 


Solution by Fred A. Miller, Elkins, West Va. 


Point O follows the line OPQ. 
Point A follows the cycloid APB. 
Area generated by 


OA=2[Area AOP+Area PBQ| 


Point P is reached when 
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Equation of cycloid: 
x=a(@—sin @) 
y=a(1—cos 6) 


Area AOP= 


=a?| 1-— 


4 
Area PBQ= [a(1—cos @) 


=a? =| 

Area generated =2 +a? (142) ] 
=4q? 


2750. Proposed by Robert L. Guderjohn, Eugene, Ore. 
How many ways will m like balls go into m different boxes? 


Solution by the proposer 
The first ball will go into any of m boxes or with any of m—1 other balls to be 
considered as one ball again. The second ball will go into m boxes or with m—2 
balls, and so on to the last ball. The total number of ways is the product of ways 
for each ball divided by the permutations of the balls: 


m! (n—1)!m! 


Solutions were also offered by Bernard T. Pleimann, Gardena, Calif.; and 
Alan Wayne, Baldwin, N. Y. 


2751. Proposed by C. W. Trigg, Los Angeles City College 


The mid-points of the sides of an equilateral triangle are joined, thus forming 
an assemblage of nine equal line segments. (a) Starting at a particular vertex, 
how many continuous paths may be followed in traversing each segment once 
only while returning to the original vertex? (b) How many essentially different 
path patterns are involved? 


Solution by the proposer 
A\ A \ AN 
A B Cc D 


(a) Each of A, B, C, D, E, may be rotated into two other aspects with 
reference to the top vertex. Also the journey may be started from the top vertex 
toward either right or left. Hence, there are 2(3-5+-1) or 32 different continuous 
paths which may be followed in the journey from a vertex back to the same 
vertex. 

(b) There are 6 essentially different path patterns as shown in the figure. If 
B and C be considered as the same, since one is the mirror image of the other, 
the number reduces to 5, 
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2752. Proposed by Donald R. Byrkit, West Chicago, IIl. 


The thirteenth of the week is more apt to be Friday than any other day of the 
week. Prove that this is true or false. 


Solution by Alan Wayne, Baldwin, N.Y. 


This was proposed as problem E 36 in the American Mathematical Monthly, and 
the solution is given on page 607 of Vol. 40 (1933) as follows. 

The calendar repeats in every 400 years, since there are exactly 20,871 weeks 
in 400 years. In this period, the 13th of the month occurs 4800 times as follows: 
Sunday, 687; Monday, 685, Tuesday, 685; Wednesday, 687; Thursday, 684; 
Friday, 688; and Saturday, 684. So in the long run, the 13th is most likely to 
fall on Friday. 


2753. Proposed by Walter H. Carnahan, Madison, Ind. 


I was riding on a train from Chicago to New York. I called the porter and 
asked for a table to be placed in my roomette so that I could work on a manu- 
script. When he set up the table I laid out some mathematics manuscript and 
began to work. He saw the numbers and sketches but made no remark. However, 
later he returned, laid a piece of paper on my table, and said, “Suh, can you 
tell me how come that is so? A man he give me them numbahs.” On the paper, 
was written the expression 342 =97. Now I ask you to explain how come? 


Solution by Peter A. Steveson, Bob Jones Academy, Greenville, S. C. 
Obviously, for 342=97, the two numbers have different radices. Thus: 


342 (radix m) = 97 (radix n) 


3m?+4m+2=9n+7 


For n to be an integer, m must be of the form 9a+-5, a>0. Substituting for m, 
n takes the form 27a?+34a+-10. Thus: 


342 (radix m) = 97 (radix n) 
for m=9a+5, n=27a?+34a+10, a>0. 

Solutions were also offered by Bernard T. Pleimann, Gardena, Calif.; Rose 
Trahey, Chicago, Ill.; C. W. Trigg, Los Angeles, Calif.; Lowell Van Tassel, 
San Diego, Calif.; Alan Wayne, Baldwin, N. Y.; and the proposer. 

2754. Proposed by Enoch J. Haga, Vacaville, Calif. 
An accounting student had the multiplication to perform: 
219912000 
64 


Mystified to learn that the product exactly equaled the multiplicand, he re- 
checked his work and found that he had made no mistake in his multiplication. 
What was his error? 


Solution by C. W. Trigg, Los Angeles City College 


If the student found that MX m= P, he must have made a mistake in the total 
process of multiplication. Furthermore, he made the mistake of dropping a 
terminal zero from each partial product, and then failed to indent the second 
partial product. Thus, 
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219912000 
64 
87964800 
131947200 
219912000 


Solutions were also offered by Bernard T. Pleimann, Gardena, Calif.; and the 
proposer. 


STUDENT HONOR ROLL 


The Editor will be very happy to make special mention of classes, clubs, 
or individual students who offer solutions to problems submitted in this de- 
partment. Teachers are urged to report to the Editor such solutions. 

Editor’s Note: For a time each student contributor will receive a copy of 
the magazine in which his name appears. 

For this issue the Honor Roll appears below. 


2749. Floyd D. Wilder, Bethany Nazarene College, Bethany, Okla. 

2751, 2753. Richard Lewis Breisch, Royersford, Pa. 

2753. Robert Nathan Cahn, Menlo-Atherton High School, Atherton, Calif. 
S-6. Carlos C. Shaw, Rosario, Argentina. 


PROBLEMS FOR SOLUTION 
2773. Proposed by Lowell Van Tassel, San Diego, Calif. 


Slide rules come in various lengths (and even shapes!). It is true that a 6 inch 
pocket slide rule is only 60% as accurate as a (standard) 10 inch rule? Is a 20 inch 
desk slide rule 100% more accurate than a 10 inch rule? State the general princi- 
ples employed in establishing the relative accuracy calculations, and, using the 
10 inch rule as standard, evaluate the other length rules, as well as one of arbi- 
trary length k. 


2774. Proposed by Ned Harrell, San Carlos, Calif. 
Find integers x, y and z such that 
x(2 log 105+log 1215) +y(3 log 105+log 875) —2(2 log 105-++log 45) -+log 3=0. 
2775. Proposed by C. W. Trigg, Los Angeles City College 
For what values of x is 3x7—259 divisible by 547? 
2776. Proposed by Fred L. Bedford, Phoenix, Ariz. 


Given any four points, draw lines through the four points so that the four lines 
will form a square. 


2777. Proposed by Donald R. Byrkit, West Chicago, Ill. 


What two rational fractions, with denominators less than 100, most closely 
approximate 4/61 by excess and defect? 


2778. Proposed by Felix John, Philadelphia 


Find two numbers whose sum, whose product and the difference of whose 
sauares are all equal. 
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Books and Teaching Aids Received* 
ASTRONOMY 


An InTRODUCTION To AsTRONOMY, by Robert H. Baker. Cloth. 14.523 cm. 


364 pages. 1960. D. Van Nostrand Company, Inc. 120 Alexander Street, 
Princeton, New Jersey. 


TEACHING GUIDE FOR THE EARTH AND SPACE SCIENCE Course. Paper. 2821.5 
cm. 105 pages. 1960. National Aviation Education Council, 1025 Connecticut 
Ave., N.W. Washington 6, D. C. Price $1.00. 

BIOLOGY 

BroLocy—A Basic Scrence, by Elwood D. Heiss, New Haven State Teachers 

College, New Haven, Connecticut and Richard H. Lape, Amherst Central High 

School, Snyder, New York. Cloth. 16.5X24 cm. Pages xi+689. 1961. D. Van 


Nostrand Company, Inc., 120 Alexander Street, Princeton, New Jersey. 
Price $5.56. 


EcoLoGy oF INLAND WATERS AND EsTuaARIEs, by George K. Reid, Professor of 
Biology, Florida Presbyterian College, St. Petersburg, Florida. Cloth. 1423 
cm. Pages xi+375. 1960. Reinhold Publishing Corporation, 430 Park Avenue, 
New York 22, N. Y. Price $7.80. 


WoRKBOOK AND EXPERIMENTS FOR BroLoGy, by Cecelia J. Lauby, Illinois State 
Normal University, James C. Silvan, New Haven State Teachers College, Gordon 
M. A. Mork, University of Minnesota. Paper. 1927.5 cm. 202 pages. 1958. 
American Book Company, 55 Fifth Avenue, New York 3, New York. Price 
$2.16. 


GENERAL SCIENCE 


THE MACMILLAN SCIENCE-LIFE SERIES. By Barnard, Stendler, Spock, and 
Beeler. Both Cloth. Both 17.5 23.5 cm. Both 422 pages. 1960. The Macmillan 
Company, 60 Fifth Avenue, New York, New York. 

Scrence/A Way TO SOLVE PROBLEMS 
ScrENCcE/A SEARCH FOR EVIDENCE 


MATHEMATICS 


ARITHMETIC FOR THE MODERN AGE, by Aaron Bakst. Cloth. 1321 cm. pages 
vii+341. 1960. D. Van Nostrand Company, Inc., 120 Alexander Street, 
Princeton, New Jersey. Price $4.95. 


ANALYTIC GEOMETRY AND CALCuLus, by Frank L. Juszli, State Technical Insti- 
tute, Hartford, Connecticut. Cloth. 1422.5 cm. Pages xii+348. 1961. Prentice- 
Hall, Inc., Englewood Cliffs, N. J. Price $6.75. 


PHYSICS 


Puysics FOR EveryBopy, by Germanine and Arthur Beiser. Paper. 191 pages, 


9.5X18.5 cm. 1960. E. P. Dutton & Co., Inc., 300 Fourth Ave., New York. 
N. Y. Price $1.15. 


Basics OF ANALOG Computers, by Thos. D. Truitt, Director of Advanced Study 
Group and A. E. Rogers, Senior Consultant, Electronic Associates, Inc. Cloth. 


400 pages. 1422.5 cm. 1960 John F. Rider Publisher, Inc., 116 West 14th 
Street, New York, New York. Price $12.50. 


* Beginning with this issue, at the suggestion of the Editorial Board, the books and other teaching aids re- 


ceived by the Journal will be classified into general categories to which they most logically seem to belong. We 
hope this new system will be of assistance to our readers. 
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SCIENCE, MISCELLANEOUS 


Tue Founpations oF Scrence, by Sheldon J. Lachman, Wayne State University. 
Cloth. 1221 cm. 120 pages. 1960. Vantaer Press, Inc., 120 West 31 Street, 
New York 1, New York. Price $2.95. 


Tue Wonper oF Licut, by Hy Ruchlis. Cloth. 14.5 23.5 cm, 154 pages. 1960. 
Harper & Brothers, 49 East 33rd Street, New York 16, N. Y. Price $2.95. 


Orbit, by Hy Ruchlis. Cloth. 1523.5 cm. 147 pages. 1960. Harper & Brothers, 
49 East 33rd Street, New York 16, N. Y. Price $2.75. 


Our ATMOSPHERE, by Theo Loebsack. Paper. 9X17.5 cm. 190 pages. 1960. 
New American Library of World Literature, Inc., 501 Madison Avenue, New 
York 22, N. Y. Price $.50. 


Harper Scrence Topay Serres. All cloth. All 11.5X18.5 cm. 1960. Harper & 
Brothers, 49 East 33rd Street, New York 16, N. Y. All $2.25. 

MATTER AND ANTIMATTER, by Maurice Duquesne, Director of Research in 
Nuclear Physics at the Radium Institute, Paris. 127 pages. 

THe Wiper Universe, by Paul Couderc, Astronome titulaire de L’Observa- 
toire de Paris. 128 pages. 

INTELLIGENCE: Its EVOLUTION AND Forms, by Gaston Viaud, Professor of 
Psychophysiology and Director of the Laboratory of Animal Psychology 
Strasbourg. 127 pages. 

Tue ANATOMY OF PLANTs, by P. Font Quer. Formerly, Professor of Botany, 
and Director of the Botanical Institute, Barcelona. 128 pages. 


EFFECTIVE READING IN SCIENCE, by David L. Shepherd, Director of The Reading 
Center, Charlotte Public Schools, Cloth. 13.5 21.5 cm. 128 pages. 1960. Row, 
Peterson & Company, Evanston, Illinois. 


MISCELLANEOUS 


PicToRIAL Poster Map. Wisconsin. Paper. 1722 in. Suitable for framing. 
Childrens Press, Inc., Jackson Blvd. & Racine Ave., Chicago 7, Illinois. 


LIBERAL EDUCATION AND ENGINEERING, by Edwin J. Holstein and Earl J. 
McGrath. Paper. 1423 cm. 132 pages. 1960. Bureau of Publications, Teach- 
ers College, Columbia University. Price $2.75. 


NEW SCIENCE WEEKLY 


Wesleyan University (Middletown, Conn.) announces Science and Math 
Weekly, a new weekly science newspaper for senior high school classes in biology, 
chemistry, physics, and mathematics. Science and Math Weekly (for senior high 
schools) is a companion publication to Current Science (for junior high grades), 
one of the American Education Publications weekly series. 

The new weekly answers the demand of many teachers for bridging the gap 
between the textbooks and recent developments in science and science instruc- 
tion. Its editorial staff at Wesleyan combines the efforts and experience of college 
and university teachers with high school teachers. 

Science and Math Weekly is edited for high school classes and is also valuable 
for use in junior college science courses. Scheduled publication is 32 weekly 
issues during the school year. First issue is dated December 7. The cost per stu- 
dent is 50¢ per semester, $1.00 per school year, in class orders of 10 or more copies. 
The teacher receives a free desk copy and the Teacher’s Editions with class 
orders. Subscriptions and inquiries filled from Science and Math Weekly, Edu- 
cation Center, Columbus 16, Ohio. 


Book Reviews 


THe TEACHING OF SECONDARY MATHEMATICS, Third Edition, by Charles H. 
Butler and F. Lynwood Wren. Cloth. 1960. 1960. 1723.5 cm. ix+624 pages. 
McGraw-Hill Book Company, 330 West Forty-Second Street, New York 36, 
New York. $7.50. 


The Second Edition of this classic text, written by two experienced and capa- 
ble educators, was reviewed in SCHOOL SCIENCE AND MATHEMATICS, Volume 53, 
page 337-8 (by another reviewer). The authors point out in the preface that a 
new revision is needed to take account of the profound changes which have 
taken place respecting mathematical education in the secondary schools. In the 
opinion of this reviewer the authors have done a splendid job in evaluating some 
of the new developments without going overboard in either an ultraconservative 
or an ultraliberal opinion. This reviewer would comment especially on the 
splendid treatment of the historical developments of certain subjects. In particu- 
lar, he was pleased with the material headed “The Evolving Program of Sec- 
ondary Mathematics” which occurs on pages 3-41. Another outstanding feature 
is the large number of bibliographical references. The material on the teaching 
of the calculus, although aimed specifically at the high school, could be read with 
profit by many college teachers. 

The reviewer was particularly pleased, as has been noted, by the sense of bal- 
ance maintained by the authors. A single example taken from many is the dis- 
cussion of drill found on page 172 “Drill must be recognized as an essential means 
of attaining some of the desired controls, just as a strong emphasis upon concepts 
and meanings must be regarded as essential for understanding. Both are neces- 
sary and neither alone is sufficient. . . . If instruction is to be valuable, however, 
understanding must go hand in hand with operational facility. With a few possi- 
ble exceptions children should not be drilled on procedures which they do not 
first understand.” The reviewer was likewise pleased with the implication (page 
46) that the underlying philosophies in some of the modern developments are 
“pretty much the same.” This is in spite of the fact that this reviewer was at 
a recent convention of CASMT emphatically told that this is by no means true. 

There are a few places which seemed unusual or with which the reviewer does 
not completely agree. On page 291 it is odd to find in a book by Butler a quota- 
tion cited from this same Butler. On page 367 one wonders whether the cost of 
gasoline at thirty-four cents a gallon is in reality a straight line or a step 
function. Perhaps the theoretical cost is a straight line, the actual price paid can 
only vary in increments of a whole number of cents. In the discussion of expo- 
nents on page 409 it is unfortunate that the restriction was not stated that a 
must not be zero. On page 574, item 2, in the discussion of curves in polar co- 
ordinates is an excellent example of a condition which is sufficient but not 
necessary. This might well have been pointed out. 

The minor points which have been mentioned are relatively trivial as con- 
trasted with the outstanding overall merit of this text. If certainly could not 
be overlooked if one is seeking a text for teacher preparation. However, it should 
also be considered as a very valuable reference for the teacher’s library—whether 
beginning or experienced teacher. Not only is there here collected in one place 
a great deal of material regarding current developments but the hints for presen- 
tation, to say nothing of the bibliographical material are invaluable. One can only 
say that this might be expected from writers of the caliber of Professors Butler 
and Wren. 

Cecit B. READ 
University of Wichita 


OnE HuNDRED AND ONE SCIENCE EXPERIMENTs, by Illa Podendorf. Cloth. 
27.520 cm. 157 pages. Childrens Press, Chicago, Illinois, 1960. 


Within the last two or three years, a great deal of attention has been focussed 
on the teaching of science in the public schools. Much of the attention has been 
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given to the growing field of elementary-school science. Thousands of words 
have been written and spoken about the teaching of science in the elementary 
grades. But, out of all this discussion, perhaps the most frequently heard criti- 
cism is that elementary science is too much reading, and not enough “doing.” 
Experts in the field are constantly urging that elementary sciehce programs in- 
clude more student activities and experiments. 

Miss Podendorf’s book should be an “answer to a prayer” for those elementary 
teachers and supervisors who are anxious to increase the amount of student 
activity in elementary science. The book, as the title indicates, is a collection of 
101 simple experiments for elementary, and in some cases junior-high, students 
to perform. For the most part, they require only simple equipment that is avail- 
able to, or readily obtainable by, an elementary teacher. 

While most of the experiments are not new or unique, they are written in a 
simple and appealing style. In addition, each activity begins with a question, 
which in the opinion of the reviewer, is a “must” for a science experiment. The 
experiments are arranged according to broad areas. The areas included are: Air, 
Magnets, Electricity, Water, Heat, Sound, Light, Simple Machines, Chemistry, 
Plants, and ““More Experiments.” In addition to the activities, the materials 
needed for the experiments are listed, together with suggested sources where they 
might be obtained. 

The format of the book is unusually attractive for a book of this type. It is a 
large book with large type and extremely colorful and attractive drawings and 
diagrams. It should appeal to students and teachers as well. 

In the opinion of the reviewer, this book would be a welcome addition to the 
classroom library or professional library of any elementary school. 

JACQUELINE MALLINSON 
Western Michigan University 


ErrectiveE ReapiInc tN Science. A Handbook for Secondary Teachers, by 
David L. Shepherd, Director of The Reading Center, Charlotte Public Schools. 
Cloth. 1420.5 cm. 128 pages. Row, Peterson and Company, Evanston, 
Illinois, 1960. 


This book is one of the most unusual to be received in the editorial offices of 
this Journal in several months. As the title indicates, it is a handbook to assist 
secondary teachers in the development of reading skills in science in their stu- 
dents. It is interesting to note that there has been more research done in the 
field of reading than any other area of education. Second in line with respect to 
amount of research is the field of science education, This book, then, seems to be 
a logical blend of these two fields. 

It ig redundant to state that learning in science, or any other subject matter 
area, depends first on a student’s ability to read. In addition, teachers are well 
aware that reading in science presents some unique problems with respect to 
reading. Hence, this handbook should be of value to many science teachers, 
particularly in the early secondary-school grades. 

The book is organized into 15 sections, or chapters. Most of these sections are 
concerned with the development of certain skills or abilities in students. Some 
representative titles of sections are as follows: 

Skill in varying rate of reading according to purpose of reader and nature of 

the material 

Skill in locating and using sources of information 

The ability to use correctly the vocabulary of science 

The ability to understand and use formulas and scientific symbols 

The ability to read directions accurately 

The ability to apply data from reading to practical problems 
After most of the sections there are sample lessons to illustrate the suggested 
techniques for the reader, and sample activities that teachers can apply in a 
classroom situation. 

The publishers state, “this handbook is ideal for use either with in-service edu- 
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cation groups or by individual teachers.” In the opinion of the reviewer, this is 
a justified comment. However, it would appear that the book would also have 
value for pre-service teacher candidates. 


JACQUELINE MALLINSON 


U. S. AVERAGE SCIENTIST $9,000 MAN IN 1960 

The average U. S. Scientist is a $9,000 a year man. 

Data for 1960 gathered by the National Science Foundation show that half of 
110,000 scientists responding to a questionnaire earned more than $9,000 and 
half earned less. 

Comparable statistics for 1959 showed, in addition to salary, $1,000 more, 
probably from consulting fees, royalties and other income. 

The median age of this full-time employed group was 38 years. The work re- 
ported was 38% in research, development and design, 27% in management and 
administration, and 15% in teaching. 


SINCE 1931 SCIENCE FILMSTRIPS SINCE 1931 


MADE BY TEACHERS FOR TEACHERS 
BIOLOGY « HEALTH & SAFETY e PHYSICS * GENERAL SCIENCE 


CHEMISTRY * ATOMIC ENERGY a MICROBIOLOGY 
Get the Fundamentals FIRST 
Box 599SSM VISUAL SCIENCES Suffern, New York 
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Free | pied 


} is the new 12-page newspaper that will 


catalog help your students develop a logical, 
of high school systematic approach to biology, chem- 
science-teaching aids istry, physics, and mathematics. Each 
news article leads to individual and 
group investigation .. . brings the new 


Hs is a comprehensive source for 


approaches to high school science 
tested science materials, geared 


specifically to teachers’ classroom and classes. 
laboratory needs. 48-page illustrated 
catalog describes nearly 1000 items of Each issue has a balance of content and 
educator-approved equipment and method. 
books ranging from astronomy to zo- 
ology—with emphasis on enrichment ’ In a minimum class order of 10 stu- 
materials suitable for individual and ICR 
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per semester. 


SCIENCE MATERIALS CENTER & Address requests to: 


A Division of The Library of Science 
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Look first to MCGRAW-HILL for 
Modern Mathematics Textbooks 


Announcing new modern mathematics textbooks for grades 7 and 8 


USING MATHEMATICS: Modern Topics Editions 


by HENDERSON and PINGRY 


A remarkable new series that covers all the modern topics recommended by 
various study groups at work in the field. USING MATHEMATICS: Modern 
Topics Editions, Books 7 and 8, present an introduction to sets, union of sets, 
informal geometry, systems of numbers, properties of numbers, finite mathe- 
matics, and introductions to probability and statistics. The authors employ 
the discovery method widely throughout both books. 


Leading the way in Algebra Classes 


ALGEBRA: ITS BIG IDEAS AND BASIC SKILLS 


Modern Mathematics Editions 
by AIKEN, HENDERSON, and PINGRY 


This highly successful two-book series offers a proved organization that com- 
bines modern topics, modern applications, and an emphasis on the structure 
of mathematics. 


Amplifying Modern Mathematics Programs 


MODERN MATHEMATICS: Topics and Problems 
by Aiken and Beseman 


PRINCIPLES OF MATHEMATICS 
by Allendorfer and Oakley 


FUNDAMENTALS OF FRESHMAN MATHEMATICS 
by Allendorfer and Oakley 


School Department McGRAW-HILL BOOK COMPANY, Inc. 
New York 36 Chicago 46 Dallas 2 Corte Madera, Calif. 
Please Mention Schoo! Science and Math ics when ing Advertisements 
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These Texts Have Proven Their Value: 


ALGEBRA FOR PROBLEM SOLVING 


FREILICH 
BERMAN 
¢ JOHNSON 


Book | for first year Algebra 
Book Il for second year Algebra 


This comprehensive high school text includes more than 11,600 exer- 
cises and problems, carefully woven into an effective two-year course. 
In addition to extensive drill material, Algebra for Problem Solving 
provides a thorough discussion of each algebraic process. Important 
ideas are given special emphasis through the use of a second color; 
detailed examples show proper procedures in solving problems. 


Chapter summaries, tests, and reviews, plus cumulative tests, compre- 
hensive tests, and final tests provide a complete evaluative program 


within the book. 


MAKING MATHEMATICS WORK 
NELSON GRIME 


This general mathematics text offers a carefully worked-out instruc- 
tional program geared to the interests of teenagers. Clearly defined 
“how-to-do” and “what-to-do” steps are further illustrated in boxed 
examples given throughout the book. 


There are more than four thousand exercises and problems that teach 
students how to apply mathematics in their daily lives. Review tests 
at the end of each chapter and periodic check-up tests on computation 
are valuable aids to the teacher in her progress evaluations. 


HOUGHTON MIFFLIN COMPANY 
Editorial Offices: Boston 


Regional Sales Offices: New York 16 AtLantaS Geneva, 1 
Pato ALTo Foreign Sales Office: Boston 


Please Mention School Science and Math 
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| INTRODUCTORY ALGEBRA 


A College Approach 


By MILTON D. EULENBERG, and THEODORE S. SUNKO, 
both of Chicago City Junior College. Many ong students have 
inadequate or insufficient preparation in algebra for college level 
work in mathematics. Introductory Algebra is intended for students 
in this group who can attain, in one semester, the preparation neces- 
sary to enter college algebra or an equivalent-level mathematics course. 
Since the book is designed for college students, it assumes a degree 
of maturity and sophistication on the part of the user somewhat above 
that characteristic of the usual student of elementary algebra. This 
assumption is reflected in the organization, method, and scope of the 
book. 


Some of the significant features are... 


e The logical structure of algebra is developed, and postulates for 
fundamental operations are stated succinctly and incorporated into 
exercises. 

* Introductory material on sets is presented along with pions 
topics. This permits the instructor greater leeway in deciding to 
what extent the more difficult sections on the algebra of sets will 
be used. 

e The function concept is carefully developed and adequately treated. 


1961. 290 pages. $4.75. 


INTRODUCTION TO GEOMETRY 


By H. S. M. COXETER, University of Toronto. In the last thirty 
years the prevalent emphasis on analytic and differential geometry 
has led to the widespread but mistaken impression that geometry is 
merely a part of algebra or of analysis. This impression causes many 
students to overlook the fact that geometrical ideas are often essential 
tools in the development of other branches of mathematics, including 
both algebra and analysis. More important, it obscures the fascination 
and beauty of geometry itself. 

Introduction to Geometry provides the student and general reader 
with a lively, yet rigorous exposition of the subject. Written by an 
internationally renowned geometer, this book not only reveals the 
inherent interest of geometry itself but also shows its usefulness in 
the study of kinematics, crystallography, statistics, and botany as well 
as in the study of other branches of mathematics. The unifying thread 
that runs through the whole work is the idea of a group of transfor- 
mations or, in a single word, symmetry. 


1961. Approx. 384 pages. Prob. $9.75. 


Send for your examination copies today 


JOHN WILEY & SONS, Inc., 440 Park Ave. South, New York 16, N.Y. 
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E300 You can start today's youngsters off right in science 


SCIENCE IS WONDERING (K) 


(16 picture charts) 
U NEW IN 1961 SCIENCE IS FUN (1) 


SCIENCE IS LEARNING (2) 
SCIENCE IS EXPLORING (3) 


Beginning in kindergarten, each unit of work is organized around a 
problem children will be interested in working on—‘‘What animals 
make good pets?” is one example at kindergarten level. ““What is 
weather?”’ is one of five units at first-grade level; ‘Where do we get 
heat?’’ is one of five units for second grade; ‘‘What are the moon and 
stars like?’’ one of seven units for Grade 3. 


Illustrations and simple text (Grades 1-3) get pupils exploring, experi- 
menting, doing good thinking, and using what they learn. Sample pages 
of these new materials in the Beauchamp Basic Science Program are 
free on request; ask for #821. 


SCOTT, FORESMAN AND COMPANY 


Chicago 11 Atlanta 5 Dallas 2 Palo Alto Fair Lawn, N.J. 


1961 EDITION 
SCIENCE FOR PROGRESS SERIES, 2nd Ed. 


by Ames, Baker, and Leahy 
SCIENCE IN TODAY'S WORLD—Grade 7 


SCIENCE FOR YOUR NEEDS—Grade 8 
SCIENCE FOR PROGRESS—Grade 9 


A clear, continuous presentation of general science, based 
on the needs and interests of today's junior high students. 
This series is a complete package, consisting of the 
SCIENCE FOR PROGRESS FILMSTRIP SERIES (12 35mm 
filmstrips with Teacher's Guide), workbooks, tests and 
Teacher's Manuals. 


PRENTICE-HALL, INC. 
Educational Book Division, Englewood Cliffs, N.J. 
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NEW. s » from Van Nostrand 


ALGEBRA IN EASY STEPS 
WITH MODERN UNITS 


1961 Stein 


This new book combines the full texts of two volumes of 
proven value—Algebra in Easy Steps, 3rd edition, and Sup- 
plementary Units in Contemporary Arithmetic and Elementary 
Algebra. Algebra in Easy Steps is a distinctive first-year algebra 
text that makes possible completely individualized assignments 
for each student. Sets of practice examples are keyed directly to 
diagnostic tests so that each student can concentrate on what he 
cannot do; he never wastes time repeating exercises he has 
already mastered. The new units bring together a selection of 
topics basic to the various experimental programs now being 
conducted, including number systems, set theory, logic, and 
graphs. 


PHYSICS AND CHEMISTRY 
A UNIFIED APPROACH 


1960-1961 Hogg, Bickel, and Little 


This is a revolutionary two-volume text for a two-year coin- 
bined course in physics and chemistry. The unified approach 
takes full advantage of the underlying unity of the two disci- 
plines, leading students to a far more thorough knowledge and 
understanding than they could obtain from the conventional 
separate courses. Book One—September, 1960. Book Two— 
Summer, 1961. 


D. Van Nostrand Company, Inc. 


120 Alexander Street Princeton, New Jersey 
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DMUND INSTRUCTIVE 


@ To promote interest in Mathematical outside 

activities on the part of pupils, we are including 
an eight page section on Mathematics—on the im- 
portance of Mathematics to individuals and pre- 
senting learning aids—in our catalog which has a 
circulation of over a half a million so that the im- 
portance of Mathematics is brought to the atten- 
tion of many people. 


Also, we offer dozens of low-cost Scientific items 
—for learning, teaching, experimentation. Watch 
our advertisements for new items. We will great 
appreciate it if you as a teacher will recommen 
us to pupils interested in learning aids, books, etc. 


D-STIX CONSTRUCTION KITS 


You can increase interest in geom- 
etry and teach it better by using D- 
Stix. Solid geometry is fun for pu- 
pils when you show them actual! visu- 
alizations of regular polyhedrons, 
geometric figures from triangules and 
cubes through such multiple sided 
figures as icosahedrons, dodecahe- 
drons, ete. 220 pieces, 5. 6 and 8 
sleeve connectors, 2”, 3”, 4”, 5”, 6’’ 
and 8 colored D-Stix 


Stock No. 70,208-DK . $3.00 Postpaid 
370 pieces, including 5. ‘6 and 8 sleeve connectors, 2”, 


a”, 4”. 5”, 6, 8”, 10” and 12” D-Stix in colors. 
Stock No. 70,210-DK Postpaid 


& pieces, inctudes all items in 76,210 above, plus long 
painted D-Stix for use in making your own designs 
Btock No. 70,211-DK . 


WORLD-TIME INSTRUCTIVE 


Why do we have differences in 

time occurring simultaneously at 

different points around the world? 

Why must we have an international 

date line to adjust these differ 

ences? Teachers who have found 

their classes have difficulty un- 

derstanding the answers to these 

questions will discover that the 

WORLD-TIME INSTRUCTIVE is 

a valuable teaching device. The 

logic of world time is made vis- 

ual and lucid even to the slower 

student when a demonstration is 

given with this new instructive. The impact is much 
greater than when only a globe is used for the ex- 
planation. Printed on durable laminated sheets that can 
© easily wiped clean. 


Stock No. 40,140-DK . -$3.00 Postpaid 


NEW! GRAPH RUBBER STAMP 


Real time and labor saver for math 
teachers. If your tests require graph 
backgrounds—no need to attach sep- 
srate sheets of graph paper and 
worry about keeping them straight. 
Simply stamp # graph pattern, 3” 
square as 0 on each paper. 
Grading graph problems then be- 
comes 100% easier. Stamps are 3” 
square overall—3 different patterns. 


Stock No. 50,255-DK (100 blocks) ........$3.00 Pstpd, 


Stock No. 50,351-DK (16 blocks) .........$3.00 Pstpd, 
Polar Coordinate Graph Stamp—3” Diam. 


Btock No. 50,359-DK Pstpd, 


LARGE-SIZE OPAQUE PROJECTOR 


— for enlarging and projecting 

rawings, photo's, formulas, etc. 

for classroom study. Low-cost unit 

takes any opaque copy up to 6” x 

6”—projects image 3% feet square 

at 6 feet, 7% feet square at 12 

feet—in true color, exact propor- 

tions. Broadens use of visual aids. 

Increases class interest. Projector 

is 11%” high, 13%” wide, 9” front 

to back, pressed steel in black wrinkle finish, bakelite 

handle, Feases are 2 plano-convex, ” diameter, 

mounted in 5%” barrel. Uses two 200-watt bulbs, not 

included. Complete with slide platform to hold illus- 

trations, 6-ft. electric cord, heat resist. plate glass 
mirror. 


Stock No. 80,066-DK Postpaid 


ANALOG COMPUTER KIT 


Ideal introduction to the in- 

creasingly important electronic 

computer field. For bright stu 

dents, or anyone interested in 

aw ey this new science. Demonstrates 

teal "analog computing principles—can be used for 

multiplication, division, powers, roots, log operations, 

trig problems, physics formulae, electricity and mag 

netism problems. Easily assembled with screwdriver 

and pliers. Operates on 2 flashlight batteries. Electric 

meter and 3 potentiometers are mounted on die-cut 

box. Answer is indicated on dial. Computer is 20” 
long, 9” wide, 2” deep. 


Stock No, 70,341-DK ..... $14.95 Postpaid 


MAGNETS—5¢ EACH 


INEXPENSIVE CERAMIC MAG- 
NETS—These are strong durable 
magnets %” x 1” and 3/16” thick 
with 3/16” hole in center. Excellent 
for classroom distribution. Also use 
for making magnetic visual aids for 
use on magnetic chalk boards, etc. 


Stock No. 40,428-DK Package of {2 $1.00 Ppd. 
Stock No. 60,142-DK Package of 100 $5.00 Ppd. 
U-SHAPED MAGNETS—Large 5%” long poles \%” 
x %” with 2%" between poles. Keeper included 
Stock No. 60,132-DK $1.50 Pod. 
BAR MAGNETS—Nicely painted, powerful Alnico 
magnets 6” long, 14%” x %”. 


NEW! JUST OFF PRESS! 
Write for 
FREE EDUCATIONAL CATALOG—*“DK"’ 


96 Pages .. . New, Useful Instructives 


Dozens of new devices for teaching science, mathemat- 
ies, astronomy, physics, etc. Scores of new kits and 
materials for Science Fair and other science projects! 
That's what you'll find in Edmund’s new 96-page Edu- 
cational Catalog for 1961. It’s literally packed with 


tifle Co. and now available to schools 

for the first time. 
Look at the partial listing of its fascinating contents: 
low-cost models for teaching basic mechanical and 
physical principles; actual working models of com- 
munication devices that can be set up, taken apart, 

reassembled by students; a whole line of new 
science kits to spark science projects requiring real 
thought and initiative on the student’s part; instru- 
ments and materials for such diversified activities as 
soil testing, spectroscopy, and harnessing solar energy. 
These many more stimulating new instructives 
make this unique science materials catalog essential to 
forward-looking teachers on all grade levels. 
Edmund’s well known values in science equipment— 
telescopes, microscopes, optical materials, and many 
other school requirements—are also included 
Catalog. For standard values and exciting new offer- 
write for Edmund's 1961 Educational Catalog— 


ORDER BY STOCK NUMBER CHECK OR MONEY ORDER SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC CO.,sarrincron, New Jersey 
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READY LATE SPRING-A New, Modern Text 


MODERN ALGEBRA, FirST COURSE 


BY RICHARD E. JOHNSON, University of Rochester, LONA LEE LENDSEY, Ook Park 
and River Forest High School, and WILLIAM E, SLESNICK, St. Paul's School 


A modern approach to the first course in algebra, which emphasizes the student's understanding of the 
subject and leads him to discover proofs and reasons for himself. The treatment is precise and correct, 
yet not too radical. The book contains all important topics found in traditional algebra texts, and follows 
generally the recommendations of the C ission on Mathematics of the College Entrance Examination 
Board. 


Noteworthy features of the text include: an introduction to set theory; a comprehensive treatment of graphs, 
including graphs of inequalities as well as of equations; a careful description of the various types of real 
numbers; an introduction to the algebra of polynomials in one and two variables; chapters on trigonometry 


and statistics; and several sections on number theory. 


Ready late spring—price to be announced 


ADDISON WESLEY PUBLISHING COMPANY, INC. 


wv Reading, Massachusetts 


Ga 
Just published 


Kiefer 


CHEMISTRY A First Course in Modern Chemistry 


A solid course in high-school chemistry presenting a modern, vital 
treatment of such subjects as atomic structure, energy levels, sub- 
levels, and the arrangement of electrons in orbitals. 


HEALTH FOR LIFE by Gallagher, Goldberger, Hallock 


A modern text with authoritative ‘formation on anatomy, physiol- 
ogy, mental health, prevention of disease, public health services, and 
safety. An interesting, instructive text for secondary schools. Write 
for details. 


GINN AND COMPANY 


Sales Offices: New York 11 Chicago 6 Atlanta 3 
Dallas 1 Palo Alto 
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Home Office: Boston 


Here is today’s most COLORFUL and OUTSTANDING text 


and here also are three other popular high-school 
books from our chemistry family. 


AND YOU 


For use with any text 


Study Guide and Manual Review Book 
with tests or short text 


LYONS & CARNAHAN 


2500 PRAIRIE AVENUE e CHICAGO 16, ILL. 


The Chemical Elements and Their Isotopes 


by Gorpon, University of Chicago 


A 38 page booklet in which the isotopes of the chemical elements are described 
and tabulated. The booklet discusses the properties of the elements which allows 
them to be placed into unique positions in the periodic table. “Isotopes” and 
“Radioactivity” are also explained in the beginning of the booklet. The tables 
contain 975 isotopes of the 103 elements. The following information is compiled 
in the tables: Atomic weight, % occurrence, type of radiation, and the half-life 
of the isotopes. A periodic table and a fold-out chart which graphically displays 
the Parent and Daughter products of the four radioactive series is also included. 


Price 95¢ each plus 1o¢ Mailing Charge 
TREE OF KNOWLEDGE—27%, x 21” Wall Chart in Color. Price 75¢ each plus 
20¢ Mailing Charge. 


YOU WILL LIKE GEOMETRY. Illustrated pamphlet giving comprehensive 
presentations of the Mathematics exhibit at the Museum of Science and In- 
dustry. Price 15¢ each plus 5¢ Mailing charge. 


Address: Museum of Science and Industry 
57th & South Shore Drive 
Chicago 37, Illinois 


PLEASE REMIT MONEY WITH ORDER 
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WEISBRUCH-WACO 
Reagent Bottle Tray 


According to SEMI-MICRO LABORA- 
TORY EXERCISES In High School Chem- 
istry, by Fred T. Weisbruch. 

Holds complete set of student reagents in 
WACO Reagent Bottles, in rows. Made of 
hard maple and birch, a permanent piece 
used many years. Size 12 x 10% x 1% 
inches. Without bottles, $3.25 each... in 


Specify Cat. No. 


dozen lots $2.95 each 
S-10490-] 


) SEMI-MICRO APPARATUS 


Wilkens-Anderson has earned its 
place as specialist in Apparatus for 
Semi-Micro chemistry . . . through 
the years authors have looked to us 
for the pieces which made their 
Semi-Micro text books and man- 
uals so successful and easy to use! 
Seven text books now show WACO 
S-M apparatus! 


HAND FINISHED 
SPATULAS 


Perfectly shaped spatulas for 
Semi Micro Qualitative and 
Organic Chemistry. W A C O 
Monel 
balanced, permanent pieces. 


Spatulas are nicely 
Glassware breakage is re- 
duced, as scratching is elimi- 
nated. No. S-10115 WACO 
Monel Spatulas 175 mm. long. 
Slightly dished tip to hold 
crystals. $3.10 per doz., $24.00 
per 100. 


At the price, W AC O 
Spatulas class as “Non- 


Returnables! 


Write today for FREE brochures 


* WACO Semimicro Apparatus. 


* Listing of S-M Apparatus according to SEMI- 
MICRO LABORATORY EXERCISES In High 
School Chemistry, Fred T. Weisbruch. 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST., CHICAGO 51, ILLINOIS 
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* * * Have you 


applied for Your share of 
FEDERAL NDEA MONEY? 


Have you enriched your science courses? 
As you are aware, Federal support is avail- 
able to you under Title III NDEA. Now 
you can equip your science department in 
the way you have always wanted. 

Cenco representatives have made a 
study of the Title III program and are 
qualified to give details in your area— 
how you may apply for your share. Write 
us today—no obligation. 

To assist you further, the Cenco con- 
version list provides numbers which corre- 
spond to items in the ‘‘Purchase Guide’’* 
Send for PG-1 and for our suggestive list 
of apparatus. Specify elementary science, 
earth science, physics, chemistry or bi- 
ology. 


*Prepared by the Council of Chief State School Officers 


CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718-L Irving Park Road «Chicago 13, Iilinois 
Mountainside, N. J Montreal Santa Clara 
Somerville, Mass. Toronto Los Angeles 
Birmingham, Ala. Ottawa Vancouver Houston 
Serving education since 1889. Cenco $.A., Breda, The Netherlands Tulsa 
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